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PREFACE. 


Ukeit  atlention  baa  of  recent  years  been  given  to  the  study  of 
Embryology,  and  yft  it  in  curiously  diflicult  to  find  slrnight- 
farwnnl  accounla  of  tbe  devclopniwut.  even  of  the  commonesl 
ammab.  Tbt^  special  tuenioirs  and  monographs  aru  usually 
Limited  to  particular  pbuaes  iu  the  tife*history  of  the  forms  with 
which  they  are  coaoemcd  ;  while  Uiu  ti'Xt^books  of  etnbryolog)' 
niio  rather  at  explaining  the  g«ii«ra]  progn.'^  of  development 
wiUiiii  the  seveml  groupe  than  at  supplying  complete  deecrip- 
titnu  of  individual  examples. 

Up  to  the  present  time  there  lias  been  no  reasonably  com- 
plete account  of  the  developnit-nt.  uf  tlie  common  frog,  or  of 
the  mbbit,  in  our  own  or  in  any  other  language ;  wlule  in 
works  profeuing  to  deal  with  human  embryology  it  is  morp 
common  than  Dot  to  lind  that  tlw  descriptions,  and  the  figures 
giren  in  illustratiou  of  them,  are  mlly  taken,  not  from  human 
omfaryoB  at  all,  bub  from  rabbits,  pigs,  chicken,  or  even 
ikgfiah. 

Hiia  tatter  practice  is  a  mo»t  unfortunate  otie,  and  baa  heeu 
tbe  auiac.  of  much  confusion.  Tlio  eindent  i»  ]ed  to  suppose 
that  oar  kiiowlL-dge  is  more  complete  than  is  milly  the  cnae, 
wbilr  at  iJie  aome  time  he  finds  the  greatest  difficulty  in  obtain- 
ing  detioite  information  on  any  jiarticular  point  in  which  ho  is 
int^r>-sEud.  MoteoTer.thfl  implication  that  the  details  of  dovclop- 
lueat  an*  identical  in  membent  of  tbe  .lame  or  of  allied  groups  is 
directly  oppueed  to  tbe  results  of  recent  inveetigatiotu,  which 
ore  abowing  mure  and  more  clearly  that  marked  diSi.*rwi)ces, 
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both  in  the  earlier  and  later  stages  of  derelopment,  mayoccnr^ 
botyrenn  alliinl  genera  and  epecies,  or  even  amongst  individtia 
members  of  tlio  saniu  species. 

Thf  present  book  U  an  attempt  to  fill  ttit'  gnp.  tlios  in<Iicttt>-<1, 
so  I'w  ns  tliH  elements  of  VLTtcbr»t«  Krabrj'olofjfy  arc  c&ncfnu-J. 
Id  it  a  f«w  se]i?cted  types  are  alooo  dealt  witb,  and  to  t-ucb  of 
ibosfl  a  separate  chapter  is  devoted. 

In  the  choice  of  types  I  h.ive  been  mainly  guided  by  tho 
following  considerations.  Auiphioxu»  is  taken  tirar,  partly  on 
IKNMunt  of  its  great  morphological  importance,  and  partly 
biMAuao  of  tlie  extreme  simplicity  of  its  earlier  dcvelupnifulal 
Iiint4try,  nnd  of  the  clue  which  this  nffords  to  the  more  compli- 
ootfd  cuiiditions  obtaining'  in  the  higher  vertebrntei^.  The  next 
ibrvo  chfiptci-ii  di;al  with  the  Srog,  tJte  chick,  uud  the  rabbi) 
rwpoctively  i  thcist'  have  been  Kclectod  o»  good  representatives 
^>fu\w  ctu&Bes  IM  which  they  belong, and  as  being  the  most  easily 
«>bt«in<>d  and  the  moat  suitable  forms  for  laboratory  purposes, 
'riiv  final  chapter,  aud  the  longest  in  the  hook,  ia  devoted  to  thu 
dovelopment  of  the  Haman  Embryo  ;  this  has  been  included  on 
iHMwunt  of  its  great  intrinsic  interest,  and  of  tlie  difficulty  tbo 
ntudent  cxporipnces,  owing  to  the  scattered  nnd  comparatively 
tDACcseesible  nrtture  of  the  onginal  memoirs,  in  obtnining  n 
reliable  account  of  the  present  state  of  our  knowledge.  I  havo 
token  much  pains  to  make  this  chiiptc-r  as  complete  as  our 
knvwledgu  vrill  allow,  and  venture  to  hope  tbut  it  will  be  found 
u«ef«l  not  only  by  student*  of  «cienco  and  yf  medicine,  but  also 
by  those  engngetl  in  utcdieal  pructico. 

1  have  not  attempted  to  write  a  series  of  complete  mono- 
graplis ;  my  purpose  has  been  to  give  consecutive  and  straight- 
forward account-t  which  shall  contain,  in  a  form  convenient  for 
peferonee,  the  main  facta  known  to  us  concerning  the  develojtment 
of  the  animals  1  have  selected  as  types.  Many  pointc  of  detail 
have  been  purposely  omitted,  as  have  aUo  t^ume  of  the  nion* 
i-ecent  statements  wliich  appear  to  me  lo  require  confirmuliou. 
Science  is  better  served  by  clenrly  stating  in  what  pointe  oor 
kuowlL'dge  is  defective  tlinn  by  ignoring  or  evading  difficultiet) ; 
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attd  I  buve  porposoly  cmphiiHsod  tbo  mon?  )ni|»rtAi)t  of  thee*' 
gspa  in  the  liope  of  <)ruu'iu<{  to  tbein  ihc  attention  of  tliow 
who  mayhnro  op|)ortunity  of  lilling  up  the  deticiencies.  The 
bibliogra])hirnl  \ht-s  nt  \ht-  ends  nf  rlie  .scvvrul  fbnpK-rt  barr 
beea  deliberately  curlailci.1,  and  include  only  tlio*e  Ux'ks  and 
papers  which  app*-nr  to  me  of  renl  imjioilimoo:  my  object  in 
tbiii,  as  indt^d  in  all  rB§|iects,  lias  boon  to  produce  »  boolc  which 
shall  hf  usefal  rather  than  encycIopa?dic. 

I  have,  in  iJie  text,  made  uo  attempt  to  as^frn  the  fiweral 
BtfttementK  to  tlieirori^nul  aatfaors:  to  do  so  wotdd  have  bnr> 
dencd  the  book  undnly.  It  will  Iw  well,  however,  to  ffivo  hero 
the  mftio  source  from  which  the  fticts  nrv  ^thered.  in  order 
that  1  sbunk]  not  receive  credit  vhich  i»  really  due  toothera. 

In  the  fhttplL-r  on  Amphiosiis  I  have  had  to  rely  entirely  on 
Ihc  work  oT  othrr  ubservers.  The  descripiionB  of  the  earlier 
stnges  are  from  iho  wcll-knowit  nccoiints  by  Kownlcvsky  and  hy 
Hat«dick:  for  the  Inter  stages  I  havo  depcodcd  mainly  on  the 
reoeat  researches  of  Proft-ssor  lenkester  and  Mr.  Willey. 

Kzce|>t  as  n-^rda  tlie  processea  of  maturation  and  fertilian- 
tion  of  the  egg,  which  aiv  dosonhed  from  Osltar  Kohult7,e'»i 
pajKini.  th«  chapter  trn  the  Fr<if?  is  hnard  nlmost  entirely  on 
my  own  observations,  eup|i  lenient  od  by  iJie  work  of  aenio  of  my 
popils. 

The  dereloprnwit  of  the  Chick  has  been  described  more  often 
than  that  of  any  otiier  imimnl.  I  have,  however,  workrd  over 
the  gn-ater  part  of  the  ground  ngnJn,  with  npiicial  n-ference  to 
this  book.  I  have  derived  much  aesistance  from  the  researchost 
of  Duval,  ei*{>ecuilly  in  regard  to  the  earlier  Klaj^'s  of  dox'lop- 
Dieiit. 

I  have  not  myu-lf  «titd><^NJ  the  pix>ces»<v<  of  scgmentatioD,  nnd 
(brmation  of  tlie  blastodormic  vesiclo  in  the  Itabbit;  bni  I  bavc 
had  the  advantage  of  esaminini?  a  very  excellent  series  of  pre- 
pBntiona  by  my  friend  Jtr.  Asyheton.  In  my  dcwriptions  of 
thme  earlier  !itjig<>ii  I  have  relied  iiiiiutly  ou  the  accounts  of 
E.  van  fti*neden,  and  of  KilUiker.  The  later  stages,  frotn  tlie 
find  nppearanco  of  tltr  embryo  onwards,  I  bare  studied  in  con- 


■ 


i 


VIU 


PAC£. 


■iderftblc  <lL>tail.  and  the-  (](.-«criptions  aro  mainly  from  ray  own 
(ibservntioiiB.  In  the  slndy  of  the  placenta,  especially  in  iu 
earlier  stages,  1  have  bet*u  greatly  hoIin?ti  by  Ouval'e  careful 
inTostigations. 

In  the  chapter  dcBlIng  with  tlie  ITumaQ  Kinbryo  I  havp  been 
compolled  to  obtain  tny  matprial  almost  entirely  from  tlie  obser- 
vacionB  of  others;  and  notably  from  the  splendid  and  Ioii<]f- 
contioued  work  of  I'lMfessor  His,  to  whom  it  is  due  tliat  our 
koowledgo  of  human  i»i]bn>'olog}'  ia  ia  so  many  respecte  more 
prcciae  than  tltnt  ofitny  other  mammitl.  It  is  u  source  of  gr«At 
regiv-t  to  mo  tJint  my  fi-icnd  Professor  Minot'a  important  trtuitiM 
on  Uaman  Kuibryology  only  came  into  my  htrndd  while  the  last 
fibeets  of  my  own  book  wei-e  pasaiog  through  the  press,  and  that 
I  Iiave  been  unablt-  to  avail  myself  of  the  rich  store  of  fiuitB,  and 
nf  thi>  iinmeronn  gu^eiitive  tucplanations  which  bia  work  con- 
tains. 

A  large  proportion  of  the  figures  are  new,  and  have  beeiD 
made  expreaaly  for  this  book  from  my  orm  drawings,  lu  the 
new  figures,  as  well  as  in  n  largi-  numbtT  of  those  which  1  have 
copied  from  tho  works  of  olbiTa.  I  have  adopled,  bo  fnr  as 
practjcnbhr,  u  unifoi'm  mode  of  treatment  and  of  lettering,  which 
will.  I  hope,  facilitate  comparison  of  the  fignrea  of  the  aeveral 
type*  with  one  another.  I  am  under  grwit  obligations  to  the 
publishdra  of  the  works  from  which  fignrea  have  been  borrowed, 
for  peruiiaaion  to  reproduce  tliese;  and  more  especially  to 
Messrs.  Vogfl,  of  I^eipzig,  for  their  ready  coneent  to  supply 
elect rotj-prs,  and  to  allow  a  large  number  of  figures  to  be  copied 
from  Profeator  His"  great  monograph  on  the  development  of 
the  Human  Kmbryo;  a  courteous  liberality  that  is  uot  alwaya 
to  be  met  with  iu  Ihie  country. 

I  wiah  itlao  to  rfcord  tny  indettedneit!!  to  my  friends  Dr. 
Itoblnson  and  Mi-.  Asshotoii  for  many  valuable  suggestions  and 
criticisms  in  tlw  course  of  the  work,  nnd  for  much  kind  nssiKl- 
anoe  in  the  correction  of  tlie  proofs.  To  Mr.  P.  Hundley  and 
Sir.  G.  Pearson,  by  whom  the  diawiugs  on  the  wood  wei-e  mnde. 
and  the  blocks  engraved,  my  thaiika  ore  due  for  the  great  core 


4 


PBEFACK.  « 

they  have  bestowed  oo  what,  in  my  Judgment,  is  one  of  the 
most  important  parts  of  the  book. 

I  shall  be  very  grateful  for  correctiona  or  suggestions  from 
those  who  use  the  book.  I  would  further  venture  to  make 
an  earnest  appeal  for  assistance  to  those  who  have  opportunity 
of  obtaining  human  embryos,  and  who  do  not  require  them  for 
their  own  purposea.  Our  knowledge  of  the  early  stages  of 
development  of  the  hnman  embryo  is  still  very  imperfect,  and 
ir  is  of  the  utmost  importance  that  any  opportunities  that  may 
occur  of  extending  it  should  not  be  lost.  Embryos  of  any  age, 
but  more  particularly  those  of  the  first  month  or  six  weeks, 
would  be  of  the  greatest  service  to  myself:  they  should  be  put 
into  strong  spirit  as  quickly  as  possible,  a  little  cotton-wool 
being  placed  in  the  bottle  to  support  the  embryos,  and  to  pre- 
vent them  from  iihalcing  about  during  transit ;  and  any  acts, 
such  asthe  date  of  the  last  occurring  menstruation,  which  would 
aid  in  determining  the  age,  should  be  carefully  recorded. 

A.  M.  M. 

OwEXsCoLLEQE:  March  1893. 
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CuAriEE   I. 
INTRODUCTION. 

Ocnerml  Acoount  of  th«  Development  of  Auimftli. 

All  animals  may  he  referred  to  une  or  other  of  two  great  gnmpfl, 
ProUKca  oDcl  Metazoa.  Of  tbeee,  Uie  former,  or  Protosoa,  aiv 
minate.  ofti^n  micnwaipic  aiiimalx.  which  throughout  tiioir  wholo 
lives  n>mnin  RiQgli*  tvWs.  MriBt  ProtoKOa  lead  nniitarv  existoncps, 
\ni  Uwre  are  wurfnil  Ibat  ^'ive  rise  to  colonies  by  continuous 
flsaion  ;  in  such  colonies,  however,  each  member,  Ihooph  organi- 
<ally  connected  with  its  ntighbonrs,  is  physiolojncfllly  indcpco- 
dt»it  of  thtmi,  and  dischiirgvfl  all  the  great  futictions  nf  life  for 
itaeir.     - 

ThefiecoQil  group,  or  MolazoA,  incIudMnll  riMnniningariimale, 
lW>m  iqKnigM  to  man.  It  iH  chsracterispil  by  the  fact  that  tho 
adult  animal  consists,  not  of  a  »ing]«  cell,  but  of  many  cells, 
which  are  variously  inCMiified  in  diil'erent  parts  to  fnnii  lh«  digea- 
ttve,  res|)iratory,  nervous,  niid  otlipr  organs. 

In  a  Protoaioon,  such  as  Amitlw  nr  ronuticciam,  the  entire 
aofmal  u  n  iiinglo  unit  or  cell,  niul  nil  the  nctivittvs  of  the 
living  organism — niitritton.  re8|»iration.  eoasation,  4c. — have  to 
be  carried  oo  within  the  rompnsA  of  that  ninghi  pell. 

A  Metaioon,  on  th'-  otht^r  haml,  such  as  a  jrlly-fiflh,  n  snail,  a 
beetle,  or  a  fWtg,  is  built  np  of  a  number  (^snch  unita  or  celU, 
which  Kbiirv*  tb«  work  (>r  liri:<  auiorti;st  t liemsulves. 

In  tjti:  simpler  Mt'tazoa,  on  6poiigt.>8,  i>r  zoophytes,  tbcrc  arc 
oimpamliTply  few  kinds  of  c^'lU,  ao  oatiT  protective  and  aensory 
layer,  and  an  intwr  digestive  layer  being  the  most  conspicnoas. 
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In  (lti>  liij^biT  Mptiuoa  diflerentiiiition  is  carried  mnch  furtlicr, 
the  ntitnber  of  kinds  of  crlls  is  grcnily  !iivreA«ed,  and  tlie  dif- 
feit^DCes  betwci'H  tlit^rii  art>  far  more  pronounced:  so  much  bo, 
indeod,  lliat  in  a  »itg;l»  ur^aii.as  tlielieart  of  a  rabbit,  there  may 
be  morp  kinds  of  cells,  «ud  cells  diflerir^  more  widely  from  one 
BiKrflirr  IhiIIi  in  i>(nictnr"  iiinl  in  ruiiclion,  tlinn  nre  to  lie  found 
in  the  entire  body  of  oiu«  of  the  HJnipIer  Mcta/.oa,8Ucli  as  n  bydra. 

In  all  Mefazoa,  bowerer,  wbetber  hig-h  or  low  in  the 
scalii  of  oi-jjutiisaticn,  a  distinction  may  I"'  dniwn  Wtween 
tiie  celta  wbidi  (?oinpose  the  body  of  tlie  individual  projier,  an] 
certAtii  other  cells  which  are  concerned,  not  with  the  welfare 
of  thti  individual  animal,  bnt  wit-li  the  pi-rpet nation  of  ltu> 
RpecieM.  All  aduH.  Metoizonn  con»i»t»,  in  fact,  of  two  clupf  kinds 
of  celN,  Homatic  and  reproduclive,  of  which  the  former  build  up 
the  various  tissues  and  organs  of  the  animal  itself;  while  the 
latter,  i.e.  tliu  ogg«  or  gwrm-celln  of  flic  ffniale,  and  the  spemi- 
oelU  of  the  male,  contribute  uuthiiig  townnU  the  mainlenanoe 
of  the  animal  itself,  but  provide  fnr  tlie  production  iu  due  time 
of  future  g»n<^' ratio  IIS  of  siniiliir  nniinals. 

All  MetaiKin  reprodncu  hy  menna  of  eggs;  and  tlieae  eggs 
OR!  in  al!  cases  L-oinjiom-nt  ct-lla  of  tho  auiuiiils  in  which  Ihey 
occur.  Other  modpB  of  reproduction  are  seen,  66|)ecially  in  the 
lortr  MctazoA,  such  as  thL>  budding  of  a  spoiigt>  or  of  a  hydra, 
hut.  lhes*'onIyaltiTnato  with  sexual  reproduction,  rgg-produciug 
iudividualit  alwayn  occurring  t^oom^r  or  later  in  tlie  Hories. 

The  distinotiuD  hetweeu  I'ltitoKOa  and  Metaxoa  m&y  now  be 
stated  more  fully.  Protoznn  are  animaU  which  l)egiti  their 
tzistenc**  u»  (ungle  cetU,  and  which  remain  smgle  ct-dU  tJirough- 
out  their  whole  lives.  JfetAxoa  an*  aiiinml.t  wliioh  begin  their 
existence  as  eggs,  i.e.  which  commence,  liko  Protozoa,  as 
iiingte  cells  ;  but  in  tho  course  of  itevelopnient  become  nmlti- 
celluloj'.  the  majurity  of  the  coiii<^titm-nt  ccUh  becoming  inodiGcd 
to  form  the  various  partAof  the  adult  niiimnl,  while  some  hecoino 
i-eproductivB  cells,  which  contribute  noihiug  towards  the  wbI- 
fare  of  the  animal  iteelf,  but  which  provide  for  the  eontinoaiice 
of  the  speciea. 

Tlie  life  bidtory  of  a  Metazoon  usually  KhowK  a  more  or  lera 
marked  divii$iou  into  two  periods  or  stagey  nutritive  and  repro- 
^uctive;  (ho  grtjwth  of  tho  individual  being  completed,  or  nearly 
8o,  before  the  reproductive  phase  commencest.     In  Verteibrateg. 
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pti]>ecia]1y  in  fixli,  the  two  jwriocls  uMimlly  ovci-tnp  each 
tlicr,  tli«  rpprodneliv^-  ut-^ns  ntToiniog^  maturity  bcfoi^e  grawtli 
of  thp  Animal  n«tt  whole  is  complete  ;  bat  in  some  Invertebrates 
the  *livi*ion  Ih-cwiuvs  a  vTy  shoqj  i>ur.  The  silkworm- moth  uiul 
thi-  Kj)hfimt''ra  or  inay-Hy  AHot\i]  Wfll-kiiowii  iii»tiuicf8  of  this  ; 
the  {greater  part  of  tbe  life  cycle  being  spout  as  Isrvae,  which 
fwtl  vigttruu^lv  nnti  gruw  nt[)idly,1>ut  are  incapaW'*  of  ivprodiic- 
tidu  ;  wbil<^  rh"  Hilult  innectM,  the  luolb  or  thi-  iimy-lly,  »i-i> 
oapkblu  of  reiinMlaciug,  but  take  no  food  and  Ii%'e  but  for  a  few 
hours. 

StroottLTe  of  the  Bff . 

The  egi^  in  a  i>iti^l«  iiiicleatvd  coll.  lu  tunte  luvertebnte^*, 
M  in  Sagitbt  iind  in  ot-rtaiti  insists,  tlie  celU  froiu  which  the 
oggn  aruc  may  bo  iliMJiignisbtNl  at  a  very  early  stage  in  thi5 
dereloiimcJit  of  the  (■mhrro,  or  even  from  it^  actual  commenciv 
uent ;  but  in  nioet  liiverte brattle,  and  in  all  Vci-tebnit<^s,  ihi^ 
somatic  and  reproductive  celEe  are  at  first.  uMlistinguinhable  ftoiu 
000  another,  and  it  i.t  not  until  iha  embrj'o  ha^  advanced  eon- 
Riflerably  ill  ita  development  thai  the  reproductive  cell»  can  bu 
recognised  aa  such. 

Tbo  ^gfl.  or  ^rni-<\'lls,  may  bo  distributed  over  a  coiuider- 
able  part  of  tbe  body  <if  the  animal,  as  in  the  Neinertiue  worms, 
in  Balaooglo^nntf,  and,  to  a  lc«»  extent,  in  Amphioxus;  more 
usually,  and  constantly  in  the  higher  nii-mbers  of  a  group,  they 
are  mtricted  to  )uuticuhu'  organs',  iho  ovaries.  In  the  early 
etiigm  uf  development,  the  nrproductivu  organs  usually  extend 
over  a  gn'nter  pnrt  of  thi>  length  nf  tbe  animal  than  llu-y  do 
in  the  adult  condition ;  in  tbe  frog,  for  exampl<\  the  orarieH 
nndergn  during  devek>pinent  an  actual  shortening  or  ouncen- 
trstion,  a  conetdi^mblu  part  of  tlwir  U-ngth  dogcnerating. 

The  egg  or  g<*rm-cell,  like  any  ordinary  cell,  coiigi.st8  of  a 
cell-body,  containing  a  nucleus,  and  inclo».*d  within  aii  elantic 
vitelline  inenibram.*.  llie  ©gg  ia  usually  uiort-  or  leaa  tpherieiil, 
bnt  may  i>o  irr«*giitar  in  idiap^',  or  even,  an  in  Hydnt,  nmccboid. 
Tb*  oell-body  oonsiKtri  of  protiiplasra,  in  which  a  more  or  Ii^f: 
jiroaounceU  reticular  structure  is  pre«eut;  the  protoplasm  form- 
ing a  uctwork  of  tinner  straiidx,  Ihe  mvshcat  of  tvhich  are  61Ic-d 
with  a  more  fluid  t<ubotauce,  itt  whicli  are  containiMl  minnle 
partideH  or  gnutules  iik  greater  or  leas  number.    The  nncleos, 
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or  f^rminsl  veMirle  aS  it  is  uft«n  cftlleil,  is  large,  sometioieo  w 
mucli  as  half  tbe  diameter  of  the  egg  itself:  it  is  usually  placed 
eccentrically,  and  consists  of  an  out*r  nuclear  tnoinbraDft,  en- 
clmiiig  a  clear  roagnlable  liquid,  lh(>  nnnleopla^m.  Traverein}; 
tJifl  nucleoplasm  is  a  reticulum,  formed  of  one  or  more  cum- 
plexly  coiled  tJirends  of  a  eubstancu  wliicli,  from  the  reatltn4>9s 
u'iUi  wbicb  it  nbwrba  oolonring  mnttom,  is  lermod  chroniattn. 
One  or  monj  nuckoli,  or  gi-nmiial  sptils,  are  very  conitaonly 
present  aa  atuall.  depply-stniiiiug  spberlcal  bodies:  ibey  iippenr, 
Iiowevep,  to  bo  iion-C8SPntiftl  structures,  and  are  in  Tnany  casea 
ouly  notles  or  li>cn\  thickenings  of  the  reticulum.  It  is  stated  by 
Bomu  iurfttti^torit  tliat  tbe  ntiolciir  itieiiibranu  is  not  a  continu- 
ous structure,  bnt  iii  really  a  deneer  and  more  superficial  part  of 
the  uuelear  retiruiLm  ;  and  that  the  unclear  roticulura  niid  the 
reticulum  of  the  protoplasmic  cell-body  urc  clirtjctly  conlinuoua 
Vfit-li  i-acli  other. 

Food- Yolk.— Thn  tneslies  of  the  protoplasmic  cell-body  of  the 
egg  alwnya  contain  {i^raimlia.  ITn-ais  vary  greatly  in  number 
itiid  in  siRfl  in  the  eggs  of  diiTorent  aiiitnnU,  and  cimstituto  a 
•lore  of  nutrient  matter,  at  the  expense  of  which  the  derelop- 
ra»*nt  of  the  egg  and  the  formation  of  the  i'lnJ)rvo  iirt-  offected; 
thev  niftv  Iv  ^pl^ke^  of  collt^ctjvolv  as  deutoplfttm  or  food- 
ydlic 

Thfst'  t-'rauiiles  of  food-yolk,  thonyb  ahvaj-s  present  in  greater 
or  1e»ti  tguautity,  aru  to  be  regarded  aa  acccaaorj'  rather  tlioii  M 
rwscniiul  piirtH  of  the  egg.  In  ererj-  egg  we  must  distinguish 
between  (1)  the  liviug  protopUtm  of  the  egg,  out  of  vhich  th« 
embryo  is  directly  dcvelope<l.  and  which  may  be  spotien  of  as 
germ-yolk;  and  (2)  tlie  deutoplasm.  or  granules  of  food-yolk, 
con.'^isting  of  non-living  particles  of  nutritious  matter,  imbedded 
in  the  lueshea  of  the  protoplasm,  which  do  not  directly  form  any 
part  of  the  einljryo,  but  which  indin-ctly  render  it;*  development 
jxKsible.  by  nonri-diiog  the  active  pi-otoplasm. 

The  ivlation  between  the  iinitoplasm  or  germ-yolk  and  the 
deutoplosm  or  food-yolk  is,  in  fact,  the  same  us  that  between 
the  trarellcr  and  tlie  sandwiches  or  other  provisions  that  h« 
carries  with  him  to  nourish  him  during  his  journey.  'Hie  aand- 
wichee  are  iiou-living  ;  hut  during  the  joomoy  they  are  grad  unlly 
consumed,  abaiurbecl,  and  utihscd  for  the  nutrition  of  the  living 
tissues  of  the  traveller. 
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Food-yolk  ploys  so  importmut  n  port  in  the  derclopniont  uf 
aQun&ln  tb«t  it  i&  vn-U  t»  consider  tis  iutiuonco  in  some  detiul. 

Tlie  unount  of  foud-yolk  present  ut  the  mnin  f^rtor  in  (lott'r- 
lluiiin};thei>izK  of  tlictrj.'g;  iind  thi'idifrrrL*iici':siii  fiiw  bftwrpu  the 
fggB  of  tht>  cod  and  of  the  dogithh,  or  between  thoen?  of  Amplii- 
oxui.  tbo  frog,  and  the  hen,  deiwnd  almost  entirely  on  the  fact 
thai  thn  (XmIh  i-gjf  coutninn  but  little  fond-ynlk,  nnd  that  of  the 
do^iflh  a  grctt  dt-nl;  luid  that  tlio  egg  of  Aiiipliioxuit  i»  nlmoHt 
devoid  of  food-^olk,  wliilo  the  frog's  egg  contains  a  coiisiderahle 
anwDDt,  and  tl»t  hen's  f^g  ui  onomioaK  quantity.  The  ti-i^  of 
•a  Kf^  dcpcndt)  on  the  amount  of  food-yolk  pn^scnt  in  tJie  egg, 
and  not  on  the  size  of  tbt;  Aiiioiiil  that  producnt  (he  <.^^.  A  cruy- 
6sb  lm~8  lai^r  eggs  tliau  n  lub^ter,  allhoiif;])  lh(.>  adult  cravSsb  ia 
not  mi>ro  than  a  third  the  length  of  llie  lobeter ;  a  cuckoo  lays 
mnch  «inaller  <^g«  than  olhor  birds  of  it«  own  iiize ;  mid  a  rabbit 
is  dinraloped  from  an  eg^  less  than  a  nixtepnth  the  diometorof  a 

The  amoont  of  food'yolk  determines  tho  actual  size,  and  the 
degree  of  deTflopiut- nt,  which  the  i-mhryo  i-s  able  to  Bttjiin  at  tJie 
«xpetiBe  of  the  tr^g  itself.  If  the  quantity  of  nutritive  material 
within  tho  egg  is  smull,  then  it  will  be  quickly  absorbed,  and 
tha  yoong  antmnl  innst  hntcb  early,  und  consequently  of  small 
tail*  and  imperfect  development.  If  there  is  a  greater  amount 
of  food-yolk  pnwcnt,  then  a  Uirgcr  proportion  of  tho  devdop- 
luentAl  history  ran  be  cotnpIettMl  before  the  time  of  hatching; 
while  in  emtm  nrhere  th«  eggs  nro  of  great  »\m,  owing  to  grcAt 

ndanco  of  fiiod-yollc,  practically  tlie  whole  dOTdopment  can 
be  efrert<rl  at  tho  ■■•xpcnM'  of  thv  egg  iiaclf,  and  tlio  young 
animal  hatchvs  in  th(i  fonn  of  tJio  parent. 

Amphioxiu  lays  I'g^  which  measure  only  aboot  ^i^th  inch 
10  diameter,  and  the  young  embryos  coasequently  hatch  of 
rery  small  sizo  and  in  a  very  imnintnre  condition.  The  fri>g 
Ikyn  larger  eggs,  about  ,<gth  inch  lu  diamuior,  which  I'outain 
lnlHcicnt  food-yolk  to  carry  tho  embryo  up  to  the  tadpole  stage 
balont  hntdiing ;  though  the  rest  of  the  development,  from  tho 
tadpolo  to  tht*  frog,  mutt  bo  complt'to^l  at  the  exponHo  of  food 
obtained  by  the  tad|iole  during  itn  free  liring  existence.  A 
ben's  rgg,  on  the  other  hnitd,  !»  large  enou^jh,  i.e.  contains  food 
enough,  to  enable  the  i-mbryo  to  proceed  much  further  in  its 
dtirv«lDpini^nt  before  hatching;  and  the  young  chick  lefiveR  tbe 
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pjrp  with  nil  the  fa^t^ntial  cbArttctors  of  the  pnrent  elrc-atlr  p?ta^ 
bliiihwl. 

I^rge  flixe  of  egjji*  iiTi|i1i<j»  diniiniiliun  in  number  of  the  egg*, 
and  hoiice  of  the  oBspring  :  ftiitl  it  can  w^-II  bi>  understood  thai 
while  some  iiniinaU  tlerire  adrantaf^e  in  the  8trn{igli*  for  exisl- 
enc«  by  producing  iK-  innximum  niimbiT  of  voim^,  to  others  it 
is  of  greater  iiiiportaoc**  that  ths  young  on  liatcliiDg  f>Wu]d  U- 
of  cons i flora  1)1  ('  si/*  nnii  strength,  nad  Me  (o  begin  the  world 
on  their  own  accmiiit..  In  otbrr  words,  Bomr  nnJniBls  muy  gain 
bv  producing  a  large  imiiihT  nf  aniall  *>gg8[  otbdr.*  by  pividuciiig 
a  smalk'r  nunibvr  of  egg«  of  l»pg»'r  size,  i.e.  provided  with  more 
foijcl-yolk. 

The  immediate  eflert  of  a  large  amoucii  of  fiiml-yolk  is  to 
mechanically  r(>tard  the  procpas^a  of  develojjiuent ;  the  altiiiint« 
result  is  to  greatJy  eliorten  llie  time  occupied  by  development. 
This  appnri'nt  poriidox  is  readily  explftinvd.  A  small  egg,  such 
as  tlmt  of  Aiupbioxu.«,  stai't*  its  dt-vt-Uiptiifiii  mjiiilly,  and  in 
nliout  eight  hours  gires  rise  to  »  fi-ee  nwiiiiiniDg  larva,  cajublo 
jf  independont  rxisti-Dce,  with  a  digestive  cavity  and  nervous 
isysteni  abendy  present ;  while  a  Urge  egg,  likv  thai  of  the  hen. 
liaraperi'd  by  tlio  gpeat  mfti*8  of  ftwd-yolk  by  which  it  is  di.'*- 
t*nded,  Iiftp,  in  the  Ramt-  time,  made  bn(  very  alifrlit  jii-ogress. 

From  tliiis  tinn-,  however,  other  con»irh-rntions  begin  to  tell. 
AmphiavuB  has  been  able  to  make  this  rapid  Ktart  owing  to  its 
relative  fi'eedom  from  fond-ynlk.  Thi:"  frt-eiloui  now  bfcomes  a 
retarding  inHnnnw,  for  tin*  lurvn,  linving  ulir-ady  exhausted  llie 
*TP'y  "^  '^'^  originally  contained  within  the  egg,  niUHt  devote 
nitteh  of  it«  energies  to  Iiuiitiiig  fur,  and  to  digesting,  itii  food  : 
and  hence  its  further  development  will  proceed  slowly, 

Tliv  chick  embryo,  on  the  other  liand,  has  un  abiindnat 
Bopply  of  food  in  the  egg  ilwlf ;  it  hns  no  iM-c&sinn  to  spend 
time  in  pciircliing  for  food,  but  caji  devote  itc  wlit'le  energies  to 
completing  iti^  development,  Henw,  except  in  the  coi-liest  stages, 
the  chick  dfvelnps  far  more  rapidly  than  Ainpliioxus,  and  attairts 
itii  adult  condition  in  &  much  shoiler  time. 

Mammals,  and  pome  other  forms,  pn-sentripjMii'eijt  exce|)t!ou« 
to  thi'  rule  stated  above  with  regard  to  the  infitieneeof  food-yolk 
en  the  couix'  of  developments  ;V  Tiihliit  is  developed  from  a 
very  Rmall  egg,  an  egg  wbidi  is,  indeed,  even  smaller  than 
(hat  of  Aniphioxus;  and  yet  tlie  ronng  rabbit  at  tlio  time 
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loT  birtb  hits  alrpsdy  nrtained  a  considenibl^  nix^,  Ami  hiu  pi-o- 
iipnrly  as  far  in  itsderelopiiieat  ta  a  chick  at  tLe  time  uf 
Hntcliiiig.  TfiU  itf  rrndcred  poetsible  by  a  special  elnictare,  tlie 
plftceuta,  by  wbicli  the  embryo  rabbit  Is  i<»pplifil  through- 
out its  d«velopitifnt  with  food,  uot  frotii  tbu  t^gg  it^^lf,  bnt 
directly  from  tlie  LIikkI  of  the  mother. 

FootUjollc  \»  diffV-reutly  nituaUvl  in  the  «gg8  of  difiorent 
■niinils.  Wbea  only  u  Binull  amount  ia  present,  it  in  fairly 
nnifocmly  ilifltrilMted  through  the  protOfita--<ni  of  tlie  i^g^-body. 
Such  i-ifgs,  M  thus^  of  Aniphioxu«  or  of  thv  mbbit,  an.-  cnllL-d 
ftl«cithal. 

yfhva  food-yolk  i&  mure  abundant,  it  usually  ai-caiiiuIatcB 

^towards  un«  pole  of  the  egg,  thi-  opiiosite  pole  being  ciiiipnra- 

*  tivcly  frti-  fmin  yolk  granuk-*.  Such  eggs  arc  called  telolecithal : 
and  in  thfiti.  ss  in  the  fmg'M  egg,  devektpmfiit  comnienceti  and 

L|iroceeda  uon*  rapidly  at  tlie  pule  in  which  there  is  least  ftod- 
while  in  CA»e§  Hko  the  hen's  cg^'.  in  which  Iboil-yjlk  is 
extremely  abumhtnl  nnd  the  egg  \s  coniieqii^ntly  of  grenl  size, 

'llwdervclopmeiita]  proct-s.*!-!*  may  bt-Bclually  cmUm-d  to  this  poh\ 
In  crabs  nnd  insi-et^,  and  other  im-mbers  of  thi-  group  of 
Arthropodft  tbs  food-yolk  acctimulat^.'s  towards  the  e<-ntrp  of  tlu* 

^e^,  tin-  nntfrnnost  layer  of  the  egg,  round  its  whole  iwiripliery, 
naoainiiig  ahmwit  fni-  fi-om  yolk  granHk^,  In  jtui-h  ••gg»,  which 
are  calltnl  eentrolsctthal,  development  commence.-. hinmltaneously 
orer  ihe  hImI.-  Mirf'ac*? ;  the  ccnti'al  part  lA'  llie  ev^r.  owing  to 
Urn  ham)H>riiig  rffiit  nf  the  food-yolk,  not  Inking'  piirt  in  the 
d4<r»lopm«nUil  pnH-o.-s.-!.  until  a  compamtively  lnt<'  slaL-c 

All  eg^  arv  deviidof  yulk  gnntiU'S during  tlioearlii't'HtagPS 
(if  their  fomiatinn  in  tlie  ovary.  The  yolk  granulm  aiv  uBUally 
elaborated  in  special  cells,  vbich  form  e-npsidcB  or  follicl<^  nronnd 
lliA  eggs;  and  thfl  gramiW  an*  passed  from  these  follicular  ocHb 
into  the  interior  of  the-  eggs  thfUiielvt-s. 

■ktnratioii  or  KipeniDS  of  the  Egg. 

.-irter  iviiciiing  its  full  h'vtt},  and  usually  at  or  aboot  the  time 
at  which  it  leavaa  the  orary,  bat  before  the  conimcacemont  of 
Lacfaial  devekipnient,  thi'  rpp  uodergo^-s  t^rt«in  cluinj^.  whtdi 
ars  ceienvd  to  an  DUturatiim  or  ripening ;  and  which  iimy  be 
cuuHidoiTd  OS  B  prcporatiiM)  ou  the  imrt  of  the  egg  for  fertilis*- 
titm  by  tlie   8[)enuatDZoon  or  malu  element.     Tbo  diangea   in 
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qucHtion  Iiavtf  bri?n  studini  most  completely  hi  tlio  e^^gs  of 
Ascarts  ini.?gnloc^pIi,ila,  n  tlin-ad-wonn  found  living  parasiLimlly 
ill  tlio  IiorsB ;  rtiiJ  in  tlie  eggs  of  i:*^rtaiii  Kfliimidprnis.  Jn 
Vert-ebrfttes  tln.y  Imvc  not  as  yet  ln-eu  followed  in  such  detail, 
but  all  (liu  moTif  iinportiiiit  jihasuK  huvc  b&cn  seen  to  occur  in 
ibe  Bggs  of  frofiB  and  orliiT  Anipbibiaiis,  and  sfvcml  oT  tliem  in 
tbe  eggs  of  rabbits  nnd  oilier  Wili-brulvs.  Tin-  L-]]ui]g«ia{^>eBr 
to  be  essontinlly  the  xnme  in  all  animals  ia  nbicb  they  have  been 
observed. 

Tlio  proa-ss  of  iiiaturutioii  coiiconw  tbe  egg  nncleua,  or 
germiiml  vesicle,  almost  E<xcliisiv<>ly ;  and  tlie  pritioipol  stugee 
are  ii8  follows.  The  luicleii^,  which  prioi-  to  matumtion  is  of 
lar^e  uize,  with  a  weil-dfveloped  nucltiar  membrane  and  relicu- 
lum,  bi^gius  to  shrink ;  ihe  uuclear  inembraae  becomcu  wrinkled, 
Ml  tliftt  the  surfafe  of  the  nucleus  presents  an  irrt-piilar  warty 
appearance  (Fig.  1,  AJ-  ''art.  of  tbe  unclear  fluid  t-xudct;  through 
the  nuclear  tui-iubrnnu  iuto  tlie  aubstjuico  of  the  egg;  a  great 
pfti-l  iif  tlifl  nuclear  reticulum  disa]i]wars,  or  becuinf»  broken  up 
into  isolated  globules  or  nucleoli,  a  very  small  part  alone  n'mnin- 
ing  as  ft  slender  intricfttoly-coilcd  thread,  tbe  nuclear  skein. 

The  nuclear  menibraiie  now  sliriiikii  xlill  further,  and  finally 
disappears  completely :  the  nnclear  fluid  and  nucleoli  k-uomc 
dtHtributed  throu^b  the  substaiice  of  the  egg,  and  of  the  original 
egg-nucleus  all  that  now  remaina  i^  tbe  minute  uscleor  skciD 
(Fig.  1,B). 

Ilie  naolear  skein,  which  wa«  at  first  placed  centrally,  or 
more  or  lews  exceutrically,  now  Iltove^  to  the  surface  of  the  egg, 
Tlie  dkein,  previoualy  an  irregularly  tauj^led  thread,  assumes  the 
definite  form  ond  arruiigement  of  a  nnolear  spindle,  mich  as  is 
seen  in  the  nuclouit  of  uu  epithelial  or  other  cell  immediately 
before  divi«ilon  of  the  cell  occurs ;  it  then  divides  into  two  ecpial 
partd,  one  of  which  remains  within  the  ogg,  while  the  uther  in 
extruded  fi-om  it  as  the  first  polar  body  (Fig.  I ,  C).  After  a 
brief  pause  the  half  of  thiii  uuch-ar  spindle  that  has  remained 
wilhiii  t,liv  egg  again  divides  into  two  equal  parts,  one  of  which 
is  extruded  as  the  second  polar  body,  while  tlie  other  remains 
iritJiin  the  *.-gg,  and  ir^  known  ii.i  the  fenude  pronucleu  (Pig. 
1,  D),  The  formation  of  the  fenmlf*  ])i<(>iiucleuit,  by  the«cp'Jir«tion 
and  extrusion  of  the  two  polar  bodies,  conipletea  the  procen  of 
maturation. 
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takes  place  wlien  an  eg^  liaa  rracliod  Us  full  s»e,  irrcepcriivi-  <rf^ 
any  inl!ucnc«,dirvcl:  or  indirect,  on  the  part  of  the  male  animal  ||H 
niid  it.  ocptirs  in  tho  eaniQ  mnniu^r  wlieliu-r  Ihe  egg  is  gt^Dg  l»     i 
dt-vclop  into  Bu  onibryn  or  not,     Appaniil  cxcpptions  to  thif^i 
sfatemt^Eil  ant  nift  willi  In  coses  such  as  tbe  Ismprey  and  tli^H 
frag,  in  which  the  fir(»t  polar  bodv  if  oxtnulfd  prior  to  .-ntmnc*' 
of  the  mall"  elfiiu-nt  or  spermatozoim,  but  the  second  one  doring 
or  after  that  pnjcess ;  while  in  seme  few  instances,  as  in  Aecaris 
ttCcordiiig    t.o    V«ii   Benoden,  Loth    pijlnr   bodii-s   arw  rxtrudi-d 
aOtT  the  t>tilraiic(>  of  the  sperm  at  ozooii  into  the  egg.      It  is 
probable  that  in  tboee  ouee  tbe  polar  bodies  are  fornied  an  usual. 
before  tht-  untrance  of  tlie  (i{)prinntOKOon,  but  are  not  extruded 
from  the  egg  n»til  ufter  that  t'veiit. 

2.  The  vlmngus  in  the  egg-niicleus  that  precHo  or  nccoin- 
pany  the  fornintion  of  |)o!iii-  Ixidic-*  iiro  of  two  dislinct  kinilr' : 
(ij  The  preliminary  reduction  in  size  of  the  nucleos,  and 
diffusion  of  the  greater  purl  of  Us  gubstaiice  through  tlie  pro- 
toplaani  of  the  egg;  (ii)  the  dirision  of  the  smnll  reinniniiig 
portion  of  the  nutrlena  into  the  feniaht  proimeleiis  ami  the 
polar  l>-idipf5.  Tliese  two  pmcesses  are  clearly  of  widely  different  I 
nature. 

■i.  Of  till-  fuvmer  of  these  processes  thefollowingcxpUnation 
hns  Lieen  offered,  'llie  great  sire  of  tlio  egg-nucleus  Histinguishes 
it  from  ihw  nucleus  of  almost  all  other  crllf,  excepting  nerve 
gnuglioti  cells,  and  is  piolntlily  iiaaocinted  with  the  large  size  of 
the  pgg  itself  an(3  the  iintrit.ive  clmnge?  neeessnn'  for  its  fonna- 
tion  and  clnhorutinn.  When  the  egg  Irns  iiltiuned  its  full  siw 
the  nutiitive  or  I.njphic  fiiiietioa  of  the  nucleus  is  fultiUed,  and 
the  portion  of  tbe  nucleus  conc«nietl  with  these  processes 
l>ecoines  merged  in  the  prolnplasm  of  the  egg- body. 

4.  In  the  formation  of  the  polnr  bodies  the  nuclear  changes 
tlmt  precede  or  accompany  the  proceae  appear  to  be  the  same 
as  those  whieli  occur  during  the  division,  bj-  mitosis,  of  an  oi-di- 
nary  epithelial  cell.  At  each  division  to  form  ii  polar  body  tbe 
cliroiiiatiii  llirt-»dx  of  the  nucleus  appenr  to  be  halved  precisely  ; 
BO  that  the  female  pronucleus  contains  exnctly  one-fourth  of 
the  quantity  of  cliromatin  prr»'nt  in  thu  nuclenr  apimllr  of  iJie 
egg-nui'leuH. 

i).  Authorities  differ  as  tn  whether  any  part  of  the  pmto- 
plasm  of  the  egg  is  extrnded  with  the  daughter  nuclei  in  the 
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polar  bndira  or  not.  'I'he  poiitr  in  of  considerable  interest',  for  on 
the  one  riew  the  fonnntioii  of  n  polur  boJy  would  be  merely  tlic 
dirUion  oftbf  ogp  cell  into  tu-o  vcn*  utte^ital  portitms,  ncootn- 
(Moietl  by  thn  orditiary  phcooiiioiu  of  mitosis ;  whilt*  on  the 
other  vivw  the  process  wouUI  be  of  «  very  Diiiietuil  cliaracter, 
coosiatiag  in  nuclear  division,  with  extrusion  of  oni*  of  tbe 
daag-hter  nuclei.  Tito  nctaal  dctHilin  of  the  process,  nud  more 
(•specinlly  A  cnmpnrison  with  cnrresponding  ehan^t;  thnt  occur 
in  jilttritii.  Btrongly  support  the  fiinnt-r  vit-w,  thiit<  Ui<-  fornintion 
of  polar  bodies  is  att  act  not  merely  of  nuclear  dirifiioo,  but  of 
Imp  t-ell  divitiioii. 

0.  Tho  iH'liir  lxidii'»  piny  iio  |inrt  nlmlorer  iii  tUo  develop- 
ment of  thf  emhrTr'o.  Th«"y  jiersist  for  some  time  uf^er  tlii-ir 
fortDHiioii,  l)ul  itltinifttely  di^ppeur  cuinpletely. 

7.  In  the  jrrent.  nutjnrily  of  ca?*^  tliat  bare  been  fitudiinl, 
including  rcprr-vcntmivt-s  of  aliiirnit  all  tJie  gri'^t  gn>u|>it  of 
Uetaxoa,  two  |K)l»r  bodies  are  formed  in  succe>!sion,  as  described 
ibo\-e.  Tlie  first  poliir  body.  alV«r  Irs  flepnration  from  the  egg, 
iwl.  iino«tnmon1y  diridett  into  twn,  giving  three  polar  bodies  in 
ill.  Weintnaiin  nnd  BloeKiiiann  have  ttliown  tlint  the  eggs  of 
certain  KntomusI nira.  and  of  Apbis.  wliit-U  dex'elop  partlieno- 
peoeticnlly,  t.«.  nithout  reijoiring  fertilisation  by  tbe  inalp 
elittncnl.  or  spermatozoon,  form  only  one  polnr  body. 

8.  After  extrttsion  of  two  polar  Lodies  an  egg  apjieiirs  to  be, 
U  a  rule,  incapable  of  derekiping  into  an  enibryu  unless  and 
Bntil  it  is  fertilised  by  n  sjiermatozinon.  The  ru)e  is  nut  absolute, 
lor  At  leruit  two  exoept.intu  are  known  :  tiiceggsoftho  gipeyinoth, 
Lipiiris  dispnr.  nnd  the  eggs  of  the  hive  bee  from  which  drones 
are  developed,  are  stated  to  extrndf  two  polar  bodies,  and  yet 
to  develop  withotit  beiog  fertili^. 

'i'he  abore  facts  indicate  that  thvre  is  o  cloie,  though  not  in 

all  c«»en  a  iieeessary  vomn'ction  between  thi'  furmation  of  polar 

lies  and  the  act  of  ferliliaation  ;  and  the  further  cotiHideration 

Fof  the  matter  nmy  well  be  postponed  nnti!  the  latter  prexVM  hM 

'bcrn  desertlied, 


f  ertiUtatiDO  of  tbe  £gg. 

With  ivi-tiiiii  exci-plions  which  will  \te  noted  further  on,  mi 
egg  befow  il  can  eommence  to  develop  into  an  embiyo  requires 
Itobe  fertilised. 


Vi 


IKTRODl'CTION. 


FertJlisatioL,  or  imprcgiiution,  cooeists  in  the  fusion  of  tin 
main  element,  or  eperinatoxooti,  tvttli  the  female  clement,  or  e'gg ; 
or,  moreatriPtly  sppakinjT,  fngioiioftlie  iiiiclfi  nf  f,h«setw(i  bo(]it^. 

The  «pfmiDto/ua  of  the  malt;  ntiiniul  i)n;sciit  certain  poiote 
of  reiteiublauce  witli  the  ova  or  cgg^  of  tlie  female.  Tlie  early 
stftgM  of  di^volopnKMit  of  the  two  are  cifwoly  siinilar.  or  e^'en 
identical,  and  at  the  time  of  first,  nppmrance  of  the  reprnductiTe 
organs  in  the  ombrju  il  is  impossible  to  say  of  n-hich  sax  it  will 
subaer^uently  become.  In  the  develophij^  testis,  as  in  the  ovary, 
the  oagoiitial  eIomi?nt&  uro  sphericul  cl-IU,  di8ti)iguish(>d  from 
their  iieighlxmrs  by  their  larger  size,  aiid  usually  Hpoken  of  aa 
primitive  ova,  but  Water  U-nm-il  primary  reproductive  cell*  i^r 
gfOQOltllactt.  Jn  the  female  these  goniibla.sta  hecoiiie  Ihe  jier- 
iii.'iiient  oTo  or  egga^  usually  dii'ectly,  but  soiiietimei  after  fusion 
with  one  nnothrr.  In  tin.-  iimle  each  gonoWast,  by  repented 
diviition,  givM  Hki'  to  a  iiuiiiber  of  oelU  wliioh,  by  elongation, 
bifcome  converted  into  th«  apei-Diatozoa.  In  this  formation  of 
EpcrmAtozou  n  larger  or  smaller  part  of  the  gouoblast  may  take 
no  ahare,  but  iviimiu  uonltercd  an  tlu-  blaatophore,  a  poH.ifiQ 
of  grjiuulur  pi-utoplasin,  rDuud  which  tlie  Bpi.'niiatozon  are 
arranged. 

The  fnlly  fWtawl  Jipirniiiit  o»oon  is  n  «'ll,  consist iiig  of  a  hwj^, 
often  rod-like  id  shape  and  cnmpOTjed  almost:  entirely  of  tlia 
nucleus,  and  a  lung  vibratilo  tail  by  which  tho  active  movK- 
menta  of  the  spermatozoon  arp  effected.  In  being  a  single 
nuclont«d  cell,  the  ftpermatoxoon  rcst'riiblcs  thfi  egg  or  female 
cell,  a.1  it  does  also  in  being  derived  from  a  primary  reproduc- 
tive cell  or  goDoblast. 

In  other  respL'>ct&  the  male  and  female  elements,  spertnntozoa 
and  ova,  diSer  fixjm  each  other  mnrlL-eilly.  The  ovnm  is  a  large, 
more  or  less  ephi^ricul  cell,  with  littlo  or  no  powur  of  movouient. 
'ilie  spermatozoon  ia  a  mhiiite  cell,  usually  of  a  rotl-tike  Bha|)e, 
and  exhibiting  active  moTe<montfi ;  the  epermatozoa  of  some 
animals,  as  the  Crustacea,  are,  however,  sphericjil  and  motionless. 
An  ovum  is  ver\'  CJiiiimorily  foniicnl  bv  dinwt  cunvprsioii  fncmi  n 
single  primary  reproductive  cell  or  gonoblast,  while  in  some 
cases  two  or  more  goiioldasts  may  fuse  to  form  a  single  OTiim  : 
in  thu  formation  of  the  male  cicmcats,  on  the  other  hand,  a  single 
gonoblaat  gives  rinp,  not  to  one  apermntrtzooii,  but  to  a  lai^ 
Dumber;  all  the  spermaloisua  derived  from  a  single  goooblnst 
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ntxmt  hi?  re^rddd  as  Ingtithcr  eqiiivalrnt  to  a  single  ovum. 
Finftlly,  it  is  ttie  m-um,  not  ttui  8)HTmttlOECon,  ttuit  gives  rise 
dirrctly  to  the  embiyo :  the  casea  of  parth^ongent>titi(  swn,  for 
example,  in  Kntomo^tmoft  or  in  tlic  Apliitl^a,  show  that  omler 
^Cofloiii  cotidiliomt  au  vgg  ctm  <3vveh>p  into  an  vmltryo  without 
aay  {MrticipAtion  of  8p«;rmatoEoa,  but  uader  tio  circuiniftftncefl 
aui  tt  apcrmntozoon  dcnOop  into  an  cmhr^-o. 

Tbp  net  of  fei'tilL'otioD  U  effected  thus.  The  npa  Bperm^ 
losoA  gnin  access  to  the  ovn,  eithur  tJirougli  being  introdnced 
inio  the  geoita]  dad*  of  Ihw  rcmalc,  or,  as  cammonlj-  occurs  in 
lAqoAtic  aiiiniBls,  thmugli  being  diHcliargecl  by  the  malt?  over  the 
|j$(gg»  u  Boon  M  tbeee  have  been  laid  by  the  It.-'raalr.  Br  their 
BdiTP  Hwiinniing  inovOBi«nte  the  ^peruintozoo  cjuickly  makt* 
liu-ir  ivty  to  the  eggs,  bore  thoir  wity  through  the  vil^eUine 
mcrnliranef!,  aod  so  fntrr  the  nnhstance  of  the  eggs  tlietiniKiveo. 
A  single  spcroiatozoofi  w  suUicit-nt  to  fvrtni!<o  an  egg,  and  it  ia 
rdodhiful  w'betber  more  than  one  U  nvt-i-  uonually  ronccmol  jn 
ttiB  pnMMS ;  ind««d,  after  one  sp^nnatozoori  ha«  Botered  nn  egg, 
jAhms  srem  incapabh'  of  making  th<^ir  way  in.  On  entering 
«gg  thi<  8|KTmatoxo(in  \itsn  it*  tail.  but.  its  head  or 
Biieknu,  nnw  spoken  of  au  th^  male  pronudens.  pi>DPtm(i>«  into 
lhi>  intiTior  of  the  e^g,  and  makes  its  ivity  townnls  thn  feDude 
pninacleiu,  i.e.  tlje  part  of  ibt-  egg  nncleua  which  remaitis  iritbin 
tbe  egg  aft«r  extmsion  of  th<>  polar  bodies,  for  an  egg  cannot  be 
fortiliHed  until  it  has  '  matuivd.'  Tlir  nude  and  female  |in>niicl«i 
tapidlj  approooh  eacli  other,  iiie«t,  luid  unitv  Co  form  a  single 
body,  tb<;  Mgmetttatioa  naeleot. 

Th«  formation  of  tho  segTnPiii.ition  nncleas,  which  rompletes 
Ute  act  of  ffrtilination,  up)it-.-tra  to  lake  phic^  in  n  very  regular 
and  ordvrlv  manner,  though  it  is  probable  that  Ibe  details  are 
not  the  Eaini?  in  all  cn»t».  Tlte-  amount  of  ehromaliu  in  the  two 
'  pnmaclei,  mole  and  fi-naalr,  is  pivcisuiy  I'ljtiiil  iu  many,  though  np- 
[MiTUtly  not  ID  all  casi^H  ;  and  the  arrangement  of  tJu<  chromatiD 
I  threctdi  during  the  formation  of  tho  st^m^^nt^tinn  nucleus  ia  n 
mr  ihfinilo  one,  so  that  the  ntale  and  female  threads  cau  be 
diittngulahfd  tbrongbont  tlie  wliole  procvws. 

Tbo  Early  Stages  of  Development  of  the  Enbrjo. 

After  roruiotiuu  of  tbe  si^piientation  nucleus,  tho  deroiojH 
tacbt  of  tbn  eml>i^'0  oommences  almoei  dinrctly.     The  earliest 
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srtojfes  of  il(!rylopini>iit  eunHint.  in  rppefttixl  ilivistinn  of  tlie  eg(f, 
when-bj-  it  becomes  ctmverlfd  from  the  utiici-lliilur  condition, 
which  18  pa-mnnem  only  ia  the  Prot^xoa,  to  the  m uUicellular 
smte  ehftracteristic  of  all  higher  (uiiiutilfl.  or  Motjizod.  To  those 
oarly  pitK-eases  of  development  rhc  iintiiw  segmentation  is  givpn. 

Segmeotjttioii  U  Liwentialty  a  prttcew  of  cvU  iliviitioD.  In 
irhicli  thi?  segment  at  ion  ducU'tus  pluva  thi>  game  part  that  the 
rmcleu!!  of  ati  onliiiniy  epithelial  cell  iIoeK  in  ihe  act  of  din^ion 
of  tlie  cell ;  tlic?  oacli^ue  dividing  tii^t,  mid  then  the  Iwdy  of  tlic 
coll ;  ami  iht*  |>rix!i***  licing  rcpeatx-d  again  and  again,  until  frocn 
tlw?  singli'  wU  or  ovum  a  vpiy  large  niiinlipr  of  cells  am  pro- 
duct, froni  which  by  fuither  divii<ioti  ull  the  L-uni])oiii-nt  cells  of 
the  adalt  animal  nrtr  iiliiinatoly  derived. 

Special  Hltentioii  litui  bi'c'ii  paid  to  the  biatmrlour  of  tho  male 
and  fernalo  rlcmfuls  of  the  segiiienlatioii  nucleus  during  ittt 
lirst  division.  In  tlio  Ni-iiintodi-  g»iiii!(  fx^'ptodera,  yuai«l>auni 
Atato^  that  the  two  pruiiii<.-lt?i,  male  and  female,  tak«  up  a  posi- 
tion parallel  to  the  long  axis  of  Ihe  egg,  which  ia  ovoid  inaliape, 
and  then  fuso  togclht-r  hirigthways  u>  form  the  segiuentalion 
niick-iis.  Tlu>  first  Kegni»>iitation  plane  is  a  longitudinal  ono, 
and  pa88»«s  alung  tli«  axeit  uf  iht?  fuswl  proimcli^i,  so  tliat  each 
of  thu  two  cells  fonnrd  by  ihc  tirst  cleft  cotitnius  one  bftlf 
of  tho  male  pronucli'ui*  and  (um  half  of  thi*  fvmule  pronucleus. 
Intumudi  lu  all  lh«  celitt  uf  the  boi]y  uf  the  oitult  nnimol  aru 
derived  by  divieiou  from  ili«  two  primary  once,  it  follows,  as  Nusa- 
banm  poinio  out,  that  if  tliiu  equal  division  nf  male  and  f«mn]o 
miclpftr  wleraeutH  oblfliiis  in  the  later  etjiges  of  cell  division,  eacli 
cell  of  the  adult  animal  will  portscKs  a  naclens  derived  in  precisely 
equal  proportionn  from  the  fathiT  luitl  from  thf  mother. 

Thi*  gnggestion,  the  bearing  of  which  on  theories  of  heredity 
is  of  great  interest,  liiw  reo-ived  striking  roiitiriDaliun  from  the 
reaearcheaof  Van  Hem-doii  on  the  eggs  of  Aseiirii>.  Van  Bemslca 
find*  that.  nft<-r  extrusion  of  tho  polar  bodic*,  and  entmoce  of 

the  8permato/ooti  into  the  egg,  tht;  two  pronuclei,  male  aud  female, 
which  are  prvcis-lyetiual  inallieMpccls,cniiie  veiT  clono  togetJier, 
bot  do  not  fuHe  directly.  Each  jironucleus  contauis  at  first  n 
single,  nmt'h  convoluted,  and  varicose  thread  of  chmmatiu,  which 
eoon  divides  transversely  Into  two,  t-nch  uf  which  lKM.-omes  bent 
into  a  U-sIi»P<^'J  '""P-  Thcr*'  aro  Ihua  four  loops  in  all,  two  imdu 
and  two  female.     Kftch  loop  now  splits  longitudinally  into  two 
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uet<?r  thnm]^.  A  Kptmllf  fi^iire,  with  ih>lH  Ixxjieti  iin<l  polar  riiyii 
M  ltd  apkvfl  now  apiiears,  niiil  the  outlines  of  tho  pronuclei,  pre* 
Tiotuljr  di»litict,  disappear.  Tho  ctiraniatin  luop«,  of  which, 
owiog  to  thi>  lon^tndUtnl  splitting,  there  are  now  eij^ht,  four 
DMle  antl  four  r<?iiial(>,  Oikv  up  n  poitilioii  at  tbu  vqaatur  of  tbu 
tpiiiJte.  The  two  Mster  thivsde  oC  fach  pair  tlieii  separate,  one 
tiiovin]^  toHiirtls  oiit>  polo  of  tli«  xpiiidk',  tlic<  utbor  townrtls  the 
oppoHitv  poh> ;  Ro  thnt  at  each  pole  of  Hit*  spindle  then*  is  a  group 
coniiisting  of  two  luale  thivads  mid  two  female  tjirrada.  Eacli 
groap  thun  forms  n  ditughler  nucl«ni<,  by  fnsiou  of  tho  threads  to 
fiinii  a  iilcciii,  and  tlK>  ciilire  t>gg  divides  into  tlif^  two  brst  seg- 
lucutolioti  ctIIf,  or  blaatooiirrca. 

TIiU  pijoal  division  of  mole  and  femalo  element*  in  the  6rst. 
U[g[i»i>nrAiioii  i-i  uf  grfai  Lut4>rost  in  reforeno-  to  Iho  thcon,'  of 
ItTtiliaatioD.  If  it  should  prove  to  occur  in  the  lalur,  as  well  na 
it)  thir  lutrltcst  »(a^a(>f  dt^'eliipiiient,  tlien,ii9  ]x>irited out  a)«ov^, 
it  will  futlow  thnt  the  nucleus  uf  each  ct-ll  in  the  bodv  ofan  a<lH!t 
animal  will  contain  male  aud  fmiiale  eleiii«nt8  divrivtHl  from  the 
aiklvand  frniftlp  pronuclei,  i.e.  fn>in  tlir  father  and  rlioniotlier,  in 
preciM-ly  •-4|iih1  imiounta.  In  othor  word*,  ttadi  coll  of  tlv  lulult 
hmly  may  be  spoken  of  as  hemmphrodile.  If  thiH  be  true,  then 
the  egg,  which  in  its  tir&t  urij^n  m  merely  au  epithelial  cell, 
roast  itself  be  henna  phrodite. 

ThMr7  of  F«rtili»atioB. 

Tlwr  view  dcvelojH-d  above,  that  the  vjgg  is  to  bo  regarded  as 
lkTniapbrudit«^  Ird  to  the  jtuggestion,  by  Minnt,  that  tberiKlrusion 
of  polar  bodies  may  I*  an  act  by  which  the  t-mf  ^vts  rif!  <if  i1« 
Jfl  trleiuenta;  a  riew  adoptcdbyCairour,  who  addt-d  the  furl  lier 
kion  that  afWr  tlw  formation  of  (hr*  polar  bodies  bbp  port 
tit  the  t-gg  nuclfua  n>m.iitiing  uilhiu  tbr-  ovum,  i.e.  thn  female 
pronoclriu,  ia  incapubli-  of  furthi-r  deveiopinL-ut  witboui  the 
addition  of  the  naclenr  part  of  tho  tnalo  eloinent,  or  male  pro> 
uaclt^os;  nod  that  tlif*Iia)iit  of  forming  polar  bodi<')(  has  been 
acipiired  by  ova  for  the  i-xpress  porpuvb  uf  prL-vcuting  partbeiK^ 
g«Qpsis,  and  of  rendering  ft-rtilisation  itidis|>^ usable. 

'lliin  view  ifl  &xc*^-dingly  suggestivt.'.  and  with  slight  inodiK- 
catioiis  has  been  widely  adoptecl.  Then-  are,  however,  very 
anions  objixtions  to  it.  Ic  dves  uot  explain  why  tho  foniutioti 
of  polar  Ixxlie*  so  closely  rt-scmUes,  or  u  even  idutiUcnl  with, 


^nalfl  v\e 

■toeati 

^oTtJic  .' 


INTRllDirCTIOS. 

the  ordiuar/  process  of  cell  diviBion  ;  nor  wliy  it  ia  tliat  in  the 
great  majority  of  cases  three-foartlis  of  tbe  clirotnatia  of  the 
eg^  nuclou*  nrn  oxfriided  in  the  polar  bodies.  Tint  Woifimann'a 
discover}'  that  one  polar  body  is  cxtrudtrd  (rum  ii.'vrtlietiogenQtie 
e^B  te  bIodc  ^ufticienc  to  rendt^-r  rtiviaion  of*  the  theory  neooasary. 
WfiamaDii  hafl  himself  Attcmptod  to  got  aver  the  difficult}* 
by  ail  elaborate  theory  which  asRUiiies  that  the  two  polar  bodies 
are  of  entirely  dUT^reiit  nuture,  and  that  it  is  only  the  epoond 
one,  thw  one  »iot  usTially  formed  by  par  then  ogeiicl.ic  vggti,  that 
contains  the  mate  elements.  Tlio  actual  mode  of  formation  of 
thu  two  [lokr  bodies  i&,  however,  strong-lT  oppoBed  to  the  view  tliat 
there  is  a  fundnmi^ntHl  dtflV^rvncv  butwtn^-n  thciti  ;  for  in  all  cases 
that  hare  been  ciirefally  observed,  the  Unt  and  second  polar 
bodieti  are  formed  iu  precisely  similar  manner.  Bnb  the  di»- 
Oovery  noted  above,  thnt,  in  the  cases  of  the  gipsy  moih  ainl  the 
drone  bee,  eggs  that  have  i-xtnided  two  polar  bodies  can  stJU  de- 
velop parthenogenetically,  is  fatal  to  Weisinann's  theory. 

A  inniv  prulitnlilc  line  of  inquiry-  is  lo  conijKirL'  carffnlly  the 

plii'iiijiinMift  of  fiTtiliaatinii  in  the  Metazoa  with  those  of  the  Ion-)*! 

nnimalfl,  and  writh  thoeo  of  plants.      Thi«  hits   bi<«n   done  by 

BOt«L"hli  and  fiiard.  and  morn  rrcpntly  and  in  groat  detail  1^ 

Hartog.     Stich  a  oompariaon  shows  that  it  Is  a  vi^ry  common 

occiirivnce  for   a  primary   reproductive   cell    to  give   risv.   by 

ttwo  or  more  divisions,  to  a  iinniber  of  cells  of  which  one  alone 

Incomes  on    ovum,   capable  of  di-viOuping   into   an   embryo; 

ivhilv  the  othi-rs  Kirrvc  iift  accesflnry  organs  for  thi-  support  or 

natrition  of  the  ovum,  op  fur  facilit^ling  thL>  access  of  ppemia- 

tozoa  to  it ;  or  else  degenerate  anil  disappear.    The  formalir>ii  of 

polar  bodies  is  probably  of  similar  n:itiiii*,  and  is  to  be  regarded 

as  an  act  of  true  cell  division.     By  twn  divisione^for  the  first 

.polar  body  fn>queiitly,  perhaps  Reuerally,  divides  after  si^paration 

''from  tiifl  egg — the  primary  ivproductive  cell,  or  ([unol*laj<t,  be- 

oooiee  divided  into  fonr  cells,  i.e.  into  thrw  small  polar  bodies 

and  one  Ini^e  omm.     Each  of  thego  four  cellx  contains  exactly 

the  same  amount  of  nuclear  matter,  for  this  is  halved  at  mch 

division;   and  the  difference   between  tho  ovum  and  tht^  puhir 

L  bodies  is  simply  thnt,  «s  i-eg-irds  the  protoplasm  of  the  cell  body, 

ftJio  di\-i>'ion  haf   hcin   an  fsLciiini-ly  unequal   one;   the  ovum 

having  appropriaU'd  almost  the  whole  of  the  prntopliutm,  nbile 

the  polar  bodies  posftetis  exceedingly  small  &inonnl«  of  this. 
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Th**  coiuiection  between  tlie  forniaiion  of  polar  bodies  and 
th«  proc«M  of  forlituAlion  still  rt-niuins  to  ho  explained. 
ItBoob  casts  as  thosft  of  the  gipsy  moth  nnd  the  drone  bee 
indicate  that  this  connection  is  lo  be  irg^nrded  nitburas  a  normal 
than  ana  neccesar^r  one-.  Itapid  cell  diiHsion  ia  an  exliaiisting 
prooe»<,  and  Jdlnupna  W  .thown  that  in  the  Cilinte  Infusona  the 

of  lission,  which  'u  the  moat  fVoquunt  mode  of  rcprodiictino, 
Jthoagh  it  coDimeaces  and  at  first  proceeds  with  great  rapidity, 
a  certiun  nnmber  of  generations  b«coni6a  lesa  rapid,  then 
liar,  and  firmllv  ccasea  altof^cthcr.     To  Kt-t  it  going  again,  a 
of  nijui-vtifac«noo  or  coii»titutioii)tl  iiivigoruticm  16  ne- 
;  this  in  eS'i'Cted  by  conjugation,  during  which  an  inter- 
'ehangeof  Dnclear  ntaU«r  i*  eflected  betwoHn  the  two  individuals 
floaoamad  in  tlio  acL 

It  aeetoa  very  po6«ibI«  that  tlie  repeate<]  cell  diviiiion,  whic}i 
ialces  place  in  the  formation  of  polar  bodies,  haa  a  similar  ex- 
baoBting  effect  on  the  nucleoa  of  tbo  ovnm,  rendering  a  process 
of  rvjuveaeecenco  dcslmble,  and  in  most  ca»e»  nUnolutvly- 
iicccasary,  before  any  further  division  can  take  place ;  tbia 
rejuveiieac«Dce  bein^  uflected  by  conjugation,  or  fbsioo,  of  the 
nnclvi  of  Iho  spermatOKOoo  and  of  thv  ovum. 

Thiit  WrWfOJi  Hartog  points  out.  i$i  itinccordancowith  Balfour's 
theory  in  ih>  far  oh  it  regards  the  rnrmation  of  polar  bodies  as  n 
pocees  the  object  of  which  is  to  prevent  parthcnogcneBis ;  but 
diffi-nt  from  this  thcjrj'  in  rt^(p'"li"g  the  polar  IxxIicK,  not  an  mole 
eleoiaal^  extruded  from  an  originally  borniaphi'odito  egg,  but  ta 
cells,  the  rapid  formation  of  which  liaa  reducnl  tlie  part<  of  the 
nuclrn^  Etill  rvm&iniug  in  t\w  ogg,  Co.  tliv  [fcmalo  pronuclooB, 
U)  a  oooditioa  of  exhaiiAtion  which  renders  the  iilimulus  of  ferti- 
liaalion  necessaiy,  or  at  leut  highly  advantageous,  if  further 
cell-division  is  to  t^ke  phice. 

StpaeatatioD  of  the  Egg. 

The  actual  details  of  aegmontoliou  vary  cumuderobly  in 
diffiwent  c(M»ea,  the  ditforencea  depeniling  chiefly  on  the  relative 
•HMMint  of  food-yolk  present,  and  on  itd  distribution  within 
tbepgg.  ^ 

The  aitnplect  form  of  aegmentation  is  presented  bj-  alecitbal 
flggt,  sneh  aa  those  of  Ampliioxus.  It  is  characterised  by  the 
«ilino«t  geometrical  rvgnlarity  with  which  tlie  8acce:^ve  divisions 

c 


PIQ.S.— Segmeatatlonof  the  cggof  Ampliliix:  .     >  j.n,    i  Alitor  HtttAchek.) 

Llbaan  ta(Hitii*aoninioniwtnaDt  of  ilevdoiisiniii  -niiti-niip|inUir  I>ii!r.FB.  hu 
IiBBi  HOLtHit  tnmanaloiT  <')('>  "f^'"  uitnuilAit  iipratubJo  timtilKm  u*  rntiljtvo 
pluwut.  II,  IhaoTOiD  la  tbc  *dIo(  JlrHlaa^  bj  »  twUmI  nluft,  into  two  cqaiU  tiUala* 
nwoh  m,  itiiin  wILh  tunr  Atiial  bUiMmem.  XT,  Mn^  witli  liiilit  lilwlunuiMa ;  an 
anm  Utr  of  (our  tlUtiUy  uiullrr  onn^nfirl  il  Invar  Uerol  four  sIlKlitly  lu«v  mw*. 
T.  •<>(n  iHih  ddftn  bUatomiam.  In  twn  llrn>.«ui(iaf  iHtlLT.  T3.fMC°  "iui  iMtty. 
Nn  lltutODMrti^  In  fear  tbra.  oMb  of  tlslit  ^ihe  oDibrrnidHtinMnt^l  liUHitnl.  to  tho* 
Ibt  MMnanuUnn eavlljr  or  uIummdI.  B.  VII.Iai«  Miuiei  ihi<  bUAUunopas  hm  In- 
etVMd  la  Donticv  tij  tinUn  dlTlrfou.     VUL  IiImUiW  Hage  i    blBDiatl  to  ilttm- 
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ir,  nnd  hj  the  Tact  that  the  oelU.  or  blutomeret.  into  which  the 
u  dividecl  ar»  approxitnatcly  njuiil  to  oat-  another  in  size. 
Tho  first  cK-f^,  Cig.  2,  ii,  in  a  vertical  one,  and  <1ivid«;>  the  ugg 
into  two  pei'fwtly  siiailar  halves.      The  secoud  cleft   is  also 

'Terticol,  but  at  right  angles  bo  the  Hrst  one  :  on  it»  coiQpletion 
the  iftg  is  dividml  into  four  c^IIh  or  btastotnuree  of  cquul  size, 
Fig.  '2.  III.  The  third  cleft,  t'ig.  2.  IV,  is  a  horiKontAl  omt,  tuiA 
diviiIt!>9it«cliof  the  four  blastomereaoflhe  prerioog  stage  int<itwo, 
of  which  the  lower  one  is  slightly  the  larger.  Two  vertical 
clcdc  next  njUH'iir  MimitltaDi^oii^lv,  at  angW  of  -IS"  wilh  the  two 
first  clefbi :  by  theso  the  number  of  the  blastomeres  i.s  again 

jlioubled,  giriag  Bixteen  in  all,  Fig.  1*,  v.  Two  new  hoviituntal 
clpfts  (loiibic  tho  number  of  blast omeri'>s  once  more ;  the  ^tage, 
with  thirty-two  blastomeres,  being  shown  in  Pig.  2,  Vl.  From 
tfaiD  time  NfgDientutlon  continues  rapidly,  but  wilh  less  regu* 
Isrjtj;  lat«r  »tageii  are  tthowii  in  Fig.  2,  vii  and  vni. 

Segnteniatioii  is  said  to  bi^  complete',  or  holoblfutio,  when,  as 
in  AmphtoxuB,  tbe  whole  egg  i*  divided  op  at  once  into  blaato- 
mexoa:  it  U  further  disltuguished  a^  eqaal  when,  as  i^in  in 
AnipbioxuB,  the  at^veral  blastomereii  nro  froui  tht^  fint  approxi- 
ntately  eqna)  in  sixe. 

In  the  frog's  egg,  Fig.  3,  segmcotat ion  in  holoblaatic.  but 
nae^uaL  The  first  two  elefts,  which,  as  in  Amphioxu«,iu\>  vertical, 
divide  the  egg  eqiiftlly  artd  symmetrically ;  but  the  third,  or  bori- 
contftl  cleft.  Fig.  3,  til,  is  much  nearer  tho  upper  tlinn  the  lower 
pole,  and  tlmmglioiil  the  later  utageK  oP  ■egniciitntion,  Fig,  3. 
IV  and  V,  there  b  marked  ineqnalit;  in  fii/e  between  Uie  blotto* 
merM  of  tlM'  iip[)er  and  tower  halve.i  of  tbe  egg.  Unequal  seg* 
mentation  is  due  to  food  yolk,  wluch,  in  a  telotecithal  egg  like 
the  fiog'fl,  is  specially  nccutuulated  in  the  lower  pole,  and  rotarda 
the  derelopiueutal  processes  in  this  ai  compared  with  the  upper 
half  of  the  egg. 

An  exaggeration  of  tlii«  condition  ui  seen  in  tbe  beu'a  egg, 
in  which  fuod-yolk  a  present  in  Hiich  ((nantity  in  to  absolutely 
atop  the  prooemes  of  development  in  all  partd  of  the  t:gg,  except 
ta  a  small  circular  potch  on  tbo  Kurfncc,  correaponding  to  tho 
upt*T  pole  of  the  egg  of  Ampliioxu^  or  tlie  frog.  To  tJii.t 
circular  ]»tch,  or  genninal  disc,  Fig.  -i,  ua,  M'gitieutatiou 
b  nstricted.  Figs,  b  and  C  represeat  anrfoco  views  of  tbe 
grrmiual  disc  during  the  process  of  ergntentation,  and  show  tbe 
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adjacent  purls  of  Lhe  ynWc,  ut  the  cXoee  of  segmentAtioD. 
mentation,  wlien  confined  to  part  of  the  egg,  is  spokfo  of  as 
meroblaitic;    and  vrlion,  as  tn  tliK^  Wn'a  egg,  it  i"  liinitec)  lo  * 
cirrutnr  pnt<'h  on  the  surfncc  of  the  egg  it  is  further  dtstii^_ 
guisliitl  n.1  diicoidol.  ^1 

Aaotbtjr  type  of  uitM-otlaalic  segineiitat lou  is  preeented  bv 
the  ccntrolecitlinl  €>gg8  of  Arthropods.  Hero,  tht^ro  i»  no  locali  W 
germinal  diw;,  hut  the  whole  f«nrfnce  of  tJie  egg  corngsts  of  n 
layer  of  protuplusin  (ne  from  yulk-gmiiules,  iu  which  segmeala- 
tion  occurs  almost  simultaneously  at  all  parts  ;  Huch  a  mod^H 
of  segineutntioii  may  bo  diHtinguisheil  ns  tuperflcial.  ^| 

The  principal  typ»i  of  (tcgmcutution,  diwcribvd  aliovi!,  nuty 
Its  tabulated  as  follows  i — 

I.  Eoloblaatio  or  complete  tej^mentation. 

A.  Equal :  lun  in  the  alccithal  vgg  of  Ampliloxns. 
H.  Unequal  :  ns  in  thn  telolepithn!  egg  of  the  frxig. 
XI.  HerobluUc  or  partial  legmcntatioa. 

C.  DiBCoidal:  sa  !n  the  telolecithitl  4*gg  of  the  chick. 

D.  Superficial:  lui  in  thL^centroIecithal  C'ggsof  Arthropods 

The  Oermiual  Layers. 

At  tlie  close  of  segrnentAtJoD  the  whole  of  the  egg,  or,  in 
eil«os  of  nmrol>la8lic  spgmontAtion,  a  part  only  of  il.  is  diWdcdup 
into  cells  or  blustomeres.  The-te  blastomeres  very  early  beooma 
arranged  in  two  layers;  au  outer  Inyer.llif  epiblaat,  which  covers 
the  surface  of  the  embiyo ;  and  nii  iimtr  Iftver,  the  hypoblast, 
which  lines  a  cavity  within  its  interior.  EpibWtand  hypoblast 
form  the  two  primnry  genninal  layers  of  tht-  embrj'o  :  the  epi- 
blast  becomes  ultimately  the  trpidennis  or  outer  layer  of  the 
ffkin ;  while  tho  hypoblast  becomea  the  epithelial  lining  of  tba 
alimentary  canal :  lhi>  rn,vil.y  siiirrounded  Viy  the  hypohlost, 
epoki-n  of  a»  Ui<-  archenteron,  forming  thu  firEt  comrnvncomeiDt 
of  the  digestive  tract.  Figa.  8  and  0  roprt^sent  early  lorvm  of 
AmphioxuB  which  have  reached  the  stage  described. 

The  detaila  of  development  of  epibhuit  and  hypohlut,  and 
moi-e  ospocially  the  mode  of  appearance  of  the  archenlvrtc  carity, 
are  subject  to  great  modtli cations  in  dilltircnt  gronpa  of  animala, 
but  the  essential  relations  are  in  all  cases  m  described  above. 

Between  epiblast  and  hypoblast  a  third  layer  of  cells,  the 
nesoUait,  appcan  at  n  lat^r  stage,  usnally  derived,  dirrctly  or 


Til£  UR]UIt>'AL  UVi:iLS. 


2S 


imlircctljr,  from  tbo  hypoblast.  Tbougli  appeuriii^  ufter  the 
otfaer  tfrogermind  layers,  the  meBoblaet  growa  very  nt{udly,  and 
in  tlie  higher  animals  forrnn  a  Inr^r  part  of  tbe  embryo  than  Uie 
wtlier  two  layers  together. 

Tho  two  primary  germinal  Inyers,  cpiblost  unci  lij-poblaat, 
ooonr,  and  with  pRSPntinlly  similar  rplalions,  in  all  grriupji  of 
Metoson,  from  »poiij;t-a  up  to  mammals.  Tlie  miildle  germirml 
layer,  or  mosoblast,  pr^aeuU  flu*  greater  variations,  and  it  is  by 
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PlOfk  9|  0. — VerticAl  Mid  borluinial  wclloiu  of  «it?Iy  laival  atagw 
of  Amphfanw.     xSSO.    (After  Hntwliek.) 
C^»— wiwlniiiniMtlMilc  ottlgBwrtli.    Il;«rltil»rt,   Q.MchMUmi.  B.lVP»* 

no  means  dear  that  all  the  stnirtnres  spoken  of  a»  mofloblastic 
in  the  dtlferent  grtmps  of  animals  havo  any  real  community  of 
origtn  or  n'liiriniiR  Iti  Sponger  and  Ccclenterat«a  a  meaobla»tie 
laypf  cannot  be  said  to  exist,  bnt  in  all  other  groups  of  Metozoa 
it  is  pFPwnl. 

The  throe  genninnl   Inyera  together  make  up  the  whole  oT 
the  embryo,  knd  from  them  all  parts  of  the  lulult  animal  are 
derived ;    the  principal  organs  und  part.s  to  which  tlie  layers 
rgire  origin  respectively  arc  as  follow:*. 

The  epihlast,  or  oiit«r  layer,  given  rise  to  the  epidermiH,  cover- 
ing the  body  geuorally ;  and  to  the  variooB  organs  derived  from 
ktlts  epidermis.  Of  these,  the  more  important  oro : — tho  nervous 
isyatom,  both  central  and  peripKerul ;  the  olfactory  and  auditory 
epithelium,  the  retina  and  lenii  of  the  eye,  and  the  otlier  organs 
of  aenaation  ;  the  epithelial  lining  of  tho  mouth  ami  anua ;  the 
piaval  and  pituitary  bodies ;  the  emunel  of  the  teeth ;  tlie  hain, 
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naUs,  claw8,  anti  other  eptdcnnnl  muJiBcftlious;  and  tbe  epi- 
thelial lining  of  the  mnmmiiry,  sweat,  and  otJier  glands  form«cl 
rrotn  the  skin. 

T\u)  hypoblaat,  or  Inner  lajer.  gives  rise  to  the  epitlieliiim 
lining  the  nlinx^ntary  canal  nnd  ibs  variotin  dirertiealii ;  inelu- 
diog  the  glands  of  tlii^  iBsopliagus,  stomach,  aud  int«3liue,  the 
lungs,  the  tladdct,  the  hile  ducts,  gall  bladder,  and  paQcreatic 
ilticl8,  the  hepatic  cells  of  the  Uvep,  and  thp  secreting  wlU  of 
tbe  paucreos.    Tlifl  notochord  «Iso  is  formed  from  hypoblast. 
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Flo.  10.— Triuiiivpnit   •colion  tbrougli  the  hcttd  of  a  Chiok  Bmbryo  at  ilii- 

*nil  of  Ihi'  lin-t  duy  of  iiioubutLOn,  ahowing  lh<«  rclntioim  ol  iho  tlirpc 

gvniilnal  Ibj'cti,      »  lOfl. 

B.  cBTliyi'IIlKilinlii;  tbs  arigln  ul  (lie  wiU*  nf  ttiG  IrnUo  Iram  lb*  E^hlHC  b«tll 
•**u.    CH.  iiol-i^'li'-H,  tiMog   from    tlic  litioljluC      fil.  >|ilUiut.      Q,  hj-pvl)l«>i. 

p^nnirrol   M.-l.jn,    HT.  Wiuj'Ivmiu'I,    Tl.r  irt"il»o(  Ih*  |*n  oi  ilio  flitafo  R>vai4 
bjtho  lliiliiiribxlliic  i>  ciirHil>UuL 

Prom  the  mesobtut,  or  middle  layer,  are  derived  all 
tnres  lying  betwopn  the  epibUist  and  hypoblast;  *",».  the  cou- 
nt-ctivu  tisaur,  nttiscles,  akeletoii  (except  the  notrficlinrd).  blood- 
TeaseU,  and  lynipliatica ;  and  also  tlie<  peritoneum,  and 
urinary  and  reprodoctive  organs. 

The  General  Hiitory  of  Development :  the  Becapitolatioa  Theory. 

It  is  a  familiar  fact  that  animals  in  the  earlier  stages  of  theij 
existence  diOi'r  tTL-atly  in  furm,  is  Ktructuru,  und  in  habits  fion 
tilt'  adult  condition. 

In  some  canes,  as,  for  ejtample,  in  Amphioxufi,  the  vrbol;- 
bistorr  of  dfvelopmpnt  is  a  nte«dy  iipwarrl  projrress  towards  tha 
adult  coiiilitioii,  the  svvoml  organs  and  pjitts  gradually  appruxir. 


mating  lowardR  Uie  fully  formed  BtaU>,  sad  t-ueb  stag^  bringing 
xhe  uiintal,  not  tiiercly  aa  a  wbok-,  but.  as  regards  each  of  ita 
organs  and  parts,  one  step  nearer  to  the  perfect  form. 

In  the  gT«at  nmjority  of  nninmls,  however,  «ho  courBc  of 
devolopiDfot  is  not  so  »tnuglitfon%ard.  Even  in  Amphioxus 
iInTV  are  features  in  ibe  early  embrj"onic  stages,  such  as  the 

iooiiimamcntion  Iwtwcen  iJie  neural  tubo  luid  the  digi-stivi- 
Mvity,  which  completely  disapp«ar  dnring  df^reloptnent,  and 
which  have  no  relation  to  the  adult  condition  of  lli«  animal. 

In  thp  higher  Vertebrates,  far  more  etriking  instances  occnr. 
In  the  embryo  of  n  chick  or  of  a  mammal  the  structure  and 
rchUaoDH  of  the  heart  and  blood-v'Ri!«ols  arc  for  a  titn»  thooc  of  a 
fiah;  and  ibr  the  attaiumeiit  of  the  adult  condition  it  iei  utKies- 
aanr.  not  nterely  that  now  atructuroe  ahonid  appear  and  now 
relations  bo  acquired,  bnt  that  parts  oncopreacot should  nctually 
bvcoine  oUiteratfd.  Tbo  frog,  again,  comnK-nix-s  it«  fr«e  fxist- 
eaca  as  a  tadi>ole.  which  is  really  a  tieh,  not  merely  as  regards 
ila  breathing  organs,  but  iu  all  details  of  its  orgauisation  ;  and 
the  changv  from  thi;  tudpoln  to  tkn  frog  involves  great  modifica- 
tion iu  t)ii<  slinpo,  »ir.e,  and  rflations  of  ulmont  all  itit  organ!*, 
with  ootnplet*)  oblit«ration  of  parts  such  as  gills  and  tail,  which 
were  essential  to  the  tadpole  but  are  aleent  from  the  frog. 

It  in  to  case«  Euch  u»  tho  frog,  or  as  tlio  buttorlly,  in  which 
the  transition  from  larva  to  adult  is  even  more  extensive  and 
Euoro  abrupt,  that  the  t«rm  uetumorphosis  ia  npplietl ;  citsen  iu 
which  iho  animal,  instead  of  devoloping  straight  tdwsrds  the 
sdalt  eondttioii,  in  place  of  aiming  straight  at  its  goal,  deviates 
Ihna  the  direct  path,  spends  time  and  energy  in  developing  and 
thbomtin^  organs  which,  though  in  pL-rfect  keeping  with  its 
•ctnal  mode  of  existence,  yet  have  no  relation  to  the  state  tt  is 
liitimately  to  nwch,  nad  must  indwd  be  got  rid  of  before  that 
flnsl  condition  can  bo  attained. 

Ouett  of  th)4  kind  forcibly  illusitrato  tlie  nece«iiity  for  «onte 
explanation  of  the  facta  of  development,  ilnch  attention  has 
been  given  to  the  subject,  especially  of  recent  ye-are,  and  it  is 
tiow  possible  to  frame  a  consistent  theory  which  will  explain  the 
gODeral  iiiiitoTy  of  development  Itt  nil  groups  of  aniiiialit,  nnd 
which  will  also  be  in  harmony  with  the  accepted  views  cou- 
aiming  the  inntunl  relations  of  theae  groups. 

Tlie  dootrinv  of  descent,  or  of  evolation,  tenches  xx%  that  aa 
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iiif]ividunl  aiiimuU  :>riiiO,  ni.>t  aponturieoiuly,  but  by  direct 
df  .icent  from  pre-existiiig  animals,  so  also  is  it  with  species,  with 
r&niilicit,  aii<il  with  iargt^r  (j^roiips  of  animals,  ami  so  also  has  it 
be«n  for  all  time ;  tlmt  as  thii  animals  of  Eucceitling  geoeratioas 
are  related  together,  so  also  are  tlioHe  of  successive  geolo^^ 
periods;  that  all  animiiU,  living  or  that  ever  have  lived,  are 
Linited  together  by  blood  relation^Oiip  of  varying  nearoen  or 
n.>motuiioss ;  und  that  t^ery  aaiinal  dow  id  existtioce  b«8  • 
pedigree  stretching  back,  not  mer&ly  for  ken  or  a  hnndiv*d  gene- 
rations, but  through  all  geologic  time  since  life  first  commenced 
OB  the  earth. 

The  ^tudy  of  ilevi-loptm-nt  Iia«  in  it«  turn  revealed  to  n»  tlwfc 
each  animal  hears  the  mark  of  its  ancestry,  and  is  compelled 
to  discover  \t»  parentage  i  n  ib»  own  development ;  that  the  phaaes 
through  which  an  animal  passps  in  it«  progress  fi-om  the  egg  to 
the  adult  nre  no  occidental  freaks,  no  merc^  matter.t  of  develop- 
mental  couveuieiice,  but  rupreaent  tnoi-o  or  less  closely,  in  mow 
or  less  modilied  manner,  the  successive  ancestral  stages  through 
which  the  prottcnt  condition  Kae  bi%n  acquired. 

Bvulntion  tellH  ux  that  each  animal  has  Had  a  pedigree  in 
the  poi^l.  Embryology  revenla  to  us  thlaonccstry,  bccaueo  u^'cty 
animal  in  its  onn  ilsvelopmont  repeats  its  history,  climbs  up  its 
own  genealogical  tree. 

This  llecttpitulation  Theory,  iis  it  is  liTmeil,  was  olwcuroly 
liinted  nt  bv  the  elder  Agasaiz,  and  enggestetl  more  directly  in 
the  writings  of  Von  Baer;  but  it  was  fij-gt  clearly  enimciated  by 
Fritz  MiilUir  in  1863,  and  has  sinci-  that  dat*<  formrd  the  foon- 
datioii  on  which  th»  explitnatiuii  of  tlio  fnclK  «f  embryoliigA*  U 
bated. 

The  diet  that  a  frog  ooininpnces  its  free  existence  as  a  tad- 
pole, t.0.  to  all  intvnlM  and  jiurjHiBes  as  a  l»h,  ia  a  very  extra- 
ordinary one,  but  it  Ijecomes  at  once  intelligible  if  we  interpret 
it  as  inennirig  that  frogs  are  descfiidod  fram  fish,  and  that  every 
frog  16  conslraincd  to  riijieat  or  recapitulate  its  ]>edigree  in  the 
course  of  its  own  individual  dvvelupnierit. 

Simihirly,  the  long-tailed  t^ondittun  uf  the  young  crab  at  the 
time  of  leaving  the  egg  is  to  he  viewed  as  an  indication  of  the 
de«ioent  of  the  »h(nt-tailed  or  bnichyurous  crustaceans  from 
macrurotis  ancestors;  and  the  pn'sence  of  gill  elefts  in  the 
young  stages  of  chicks  or  rabbits,  which  when  adult  are  tutally 
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dArnid  of  Uietn,  nr  of  tofih  in  the  embryo  of  tlje  whalebone 
whait?,  are  in  like  m»iiner  to  !«•  regnided  as  rt-iiiiniscences  of 
former  ancestral  coDtUtions,  and  as  iadicatin];  that  tlii?  aucestora 
of  cbicbs  mid  mbbita  bri^allu-d  by  g^ilU,  nnd  ihnt  the  luoUilrss 
kvIialetioDe  w-liaJra  are  dmcended  from  toothed  progi>itiU>i-R. 

It  JB  on  this  fact  of  Uecnpit  illation  tbut  thegr«at  rnlae  of 

[ einbnrology  depends,     Tlic  study  of  dwoloptnent  a<^^u!nM  a  new 

['•od  BtrikJng  intpre«>t  wh<>n  it  in  renli^ipd  that  throagh  it  we  are 

[nnbled  to  obtain  knon-ledge,  in  manj-  amni  nnatlninnbl*-  by  any 

other  ineanft,  of  the  real  or  blood  reUtionshipa  between  animaU 

and  grouptt  of  animoU. 

It  i*  with  animab  ai«  with  men,  the  only  nniurni  ctR»xitication 

[i»  a  gCDsnlogicol  or  pbylugnic-lic  one,  and  the  posifibUily  of 

fratDmg  aoch  a  clnsaificatiou  of  atiimala  depends  very  largely  on 

tbi»  Eucoass  with  which  wo  tirv  able  to  reoonstnict  Ltieir  podtgrece 

jfrmn  a  rtody  of  the  stagra  throngh  which  they  pass  in  their 

raetnal  drveloprnvtit  or  ontogeny. 

ItMspitulaiioii  tnUHt  apply,  not  m(*roiy  to  the  development  of 

an  animal  at  n  wholi%  but  t>n  that  of  each  onp  of  its  organs  and 

I  parln:   tJn-  fonnntioti  of  th**  ■•ar,  fur  i^xnoipli',  na  n  pit  of  tb«  itktD, 

[iBiast  br>  int<<Tpreted  ua  meaning  tliat  the  ear,  like  the  other  organs 

of  Htuation,  was  in  its  e»r]ie?t  conimeDoement  merely  a  spe- 

dalised  patch  of  »kin. 

The  theory  must  also  api'ly  to  the  earlieRt  tttagea  of  develop- 
[ment  i-qually  with  the  later  one« ;  and  the  fac't  that  all  Uetazou 
rcoinnit-nce  their  iixii>teiice  08  eggs — pcrbnp}'  the  mopt  striking 
of  all  enibryultigicol  fac-t« — rooeirea  on  entirely  new  lugniJieance 
when  we  interpret  it  ua  a  reminiscence  of  a  unicellular  anwtitrj' 
for  all  Metazoa,  and  a»  an  indication  that  all  ibe  inultinllulor 
animals,  or  Metaxoa,  arc  descended  from  Dnicellnlar  PiotOKua. 

FVoa  this  piiint  of  riew  the  earliest  developmental  i^tnges  of 
Metaioa  dexcne  special  attention,  aa  pawibly  indicating  the 
wtoal  Unea  of  descent  of  Metosoa  from  Froto&oa.  Segmentation 
is  flimply  eell-divifiion ;  and  the  main  difference  betweea  cell 
diriiiion  in  Protozoa  and  t^i'i^montAtioii  of  the  egg  of  a  Metazooa 
is  t]iat,  in  the  former  cnf«,  the  products  of  division  separate  from 
ch  other  aa  independent  Mnicelliilar  animals,  ivhittf  in  the  latter 
'Hfaey'ramain  in  close  contact  and  become  constituent  units  of 
one  tnalticcllular  animal.  The  several  !itage.s  of  segnienlotion, 
Fig.  2,  II  to  vu,  may  be  compared  with  coUtnics  of  Protoxoa ; 
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while  the  btagtotn  ^togo.  Fig.  2,  viii,  reached  at  tlie  close 
flegmentatioQ,  hears  a  striking  rcts^niblancc  to  such  adult  for 
as  Volvoi  or  Pnndoriiia. 

Thfre  is,  howaver,  anotht?r  aide  of  thft  question  wbidi  mm 
iiot  Ije  overlooked.     Although  it  is  undoiibtedly  true  that  dm 
lopment  in  to  Iv  rvgsrdcd  as  a  tvcapitnlatitm  of  ancmtral  pliiui-: 
and  thnt  the  etiibr^'oiiic  history  of  an  tknimal  ptv«enta  to  as  »' 
record  of  Uie  raco  history,  yet  it  In  also  an  undoubted  fact, 
recognised   by  all  writers  on  embi-j-ology,  that  tbo  record 
obl^int^d  i(!  niiitbor  a  coitiplotc  m^r  a  stniightforwHrd  one. 

It  in  in(Wd  a  biHtorj-,  but.  n  history  nf  which  entire  chapter 
axe  lo6t,  wliile  in  those  that  retimiu  uiiuiy  poges  are  misplaced, 
uid  others  arc  so  bluircd  as  to  bi-  illegible;  wonU,  scntL-inct^, 
or  entire  pam^npli^  nre  (■niitt4?d,  and,  worse  still,  alterations  or 
^urioua  lulditlotis  of  later  date  havu  been  freely  introdaced,  and 
at  tiu)^  ao  cuuuiiiffly  as  to  defy  detection. 

Vorv'  gliRlit  consideration  will  show  that  development 
cannot  in  all  cases  l)e  strictly  a  recapitalntion  of  nnctHrtnl 
stagm.  It  is  well  known  that  closely  allied  ouiuiuls  may  dilTcr 
markedly  io  their  modes  of  development,  which  could  not  be 
the  case  if  both  recnpitulated  correctly.  The  common  frog,  for 
example,  is  at  lirst  a  tadpole  bn-athing  by  giUa,  a  stage  which 
ia  entirely  omitted  by  the  little  Wfst  Indian  frog,  Uylodes.  A 
croylish,  a  lobster,  and  a  prawn  are  allied  animals,  yet  thef 
leave  the  egg  i n  totally  different  fnmiB.  Some  developmental 
BtagW,  ax  tliA  pupa  coiiditiijn  of  iiiKfets,  or  llie  -itnge  in  the 
development  of  a  tadpole  in  which  the  nesophagus  is  imperforate, 
cannot  powiihly  be  ancestral.  Or  again,  a  chick  embryo,  of 
eay  tbe  third  day,  Fig.  113,  is  clearly  not  an  aalmal  capable  of 
independent  e.xistenoe,  and  cannot  therefore  correctly  represent 
any  ancestral  condition:  an  objection  which  applies  to  tiie 
earlier  di'*-elopineataI  histories  of  many,  perhaps  of  most,  BQimale. 

Hwckel  long  ago  urged  the  nece!i>«ity  of  distinguishing,  iu 
ftctual  d0\'oIopiiK.'ut,  between  those  chai-acters  which  are  really 
historical  aud  inherited,  and  those  which  aro  acquired  or 
sptiriouK  ttddillnns  to  the  reeenl.  The  former  he  teritiR  palin- 
geueticor  aueestrnl  charaeti-rs,  the  latter cenogenctic  or  acquireil. 
The  distinction  is  ccrtninly  a  true  one,  but  an  exceedingly 
dlRtouIt  one  to  draw  in  priu-lioL-.  The  causos  which  prevent 
develoipment  from  being  a   »itriet    recapitulation  of  ancestral 
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hirtory,  (lie  modos  in  which  these  cnme  about,  nnd  the  infliienco 
which  lht7  n-spectivL-ly  exert,  are  problems  which  nr<;  as  yet  only 
partiatty  solved. 

Of  the8«  distnrbing  cAnses,  the  most  pot«nt  and  tho  moet 

Itridctjr  spread  arisvii  from  tlie  necessity  of  supplying  tlteetnbtyo 
with  iiatrinieDt.     This  iutu  in  two  ways. 

If  the  amount  of  nutritive  matter  within  the  egg  be  Rioall, 
then,  M  we  have  already  seen,  tho  yoimg  animul  luiist  liatch 
oarly  and  iu  a  vtry  iinprrri<ctly  devctopod  cnndition.  In  sach 
iBse,  as  in  Amphioxiui  or  the  frog,  then*  is  nf  rii>cesi«ity  n  U»ng 

f'jwriod  of  l&rral  life,  during  which  nAtuml  select  ion  niay  act  bo 
as  to  introducu  modilicntinna  of  the  ancestral  history,  sporioaa 
lulditicins  in  ih^  text.     Ofsucli  '  larval  organs,'  tho  lung  spines 

'that  fomi  couspicnona  fentarca  in  the  young,  five  swimming 
limD  of  aea  nrchinn,  or  of  crnbe,  are  good  examples. 

If,  on  the  other  hand,  the  egg  contain  within  itself  a  con- 
■idi^rable  (|uuiitity  of  nutrient  niutti^r,  then  lb«  period  of  hatch- 

[ing  can  b«  postponed  until  this  nutrient  in»tt«r  has  boeu  osed 
Qp.  Tbe  consequence  is  tliat  the  etnl^ryo  hatches  at  a  maeh 
lat^r  stage  of  il«  cU-velupmcnt,  and,  if  tliv  amount  of  fotxl 
materiid  issniticient,  may  ev^n,  an  in  the  case  of  tho  chick,  leave 
the  rg;r  in  (he  fonn  of  the  poreut.     In  such  cases  the  earlier 

'  developtDeotal  phases  am  often  greatly  condensed  and  abbre- 
viate ;  and  m  the  embryo  does  not  lead  n  fret;  existence,  and  has 
no  need  to  exert  itaelf  to  obtain  food,  it  commonly  bappL^us  that 

f.tlufle  stages  ore  passed  throogh  in  a  very  niodi6ed  fonn,  the 

f-wabtyo  being,  as  io  n  three-thiy  chicle,  in  a  condition  in  which 
it  in  clenrly  incapable  of  independent  nxiKtence. 

The  rffect  of  a  grearer  or  less  nmount  of  food-yolk  on  rhrt 
r«ea  pit  Illation  of  ancestral  characters  bas  been  auntmed  up  by 
Balfour  thus:  'There  is  a  greator  elianoe  of  the  anocfitnil 
lustor^'  tiring  lost  in  forms  which  ilcrelop  in  the  egg,  and  of  its 
being  moslci^l  in  iJiose  whicli  are  hatchi'd  a»  Ur\-u>.' 

TVf*  ore  a  number  of  othor  canMs,beeidefl  food-yollc,  whicli 
tend  to  modify  the  ancestral  history  as  praserred  in  individual 
dcvekpnient.  The  following  list  give*  a  brief  summary  of  the 
rnure  important  of  these. 
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CftHKi  t«ndiBg  tft  fttUiiy  the  ancestral  luatwy ;  or  to  premt 
OBtogenf  from  b«ing  «  true  record  of  plijrlo^eny. 

1.  The  general  teadeacy  to  oondeosatioa  of  the  ancMtral 
hiatory.  Kxcopt  p<?rhaps  in  thu  lowest  groups  of  Jiletiuoii,  such 
SH  iip(inj;p.s ,  no  nnimnl  ciui  po»ubly  repent,  in  its  own  develop-  ' 
merit,  nil  the  atic-e^trall  atagcs  iti  the  history  of  the  race.  There 
is  «  tendcincy  in  alt  animalB  tovrnrcU  gtrilciog  a  direct  path  from 
the  ogg  to  thv^-  (tdu)r  :  ii  tendency  bei^t  mnrked  in  the  higher,  the 
raore  nimplicnted  uh-tiiIxts  of  u  grouii.  j>.  those  whicli  hare 
the  longest  uiid  mo»t  tortuous  p>-dign'ea.  j 

2.  The  tendency  to  the  omisiion  of  anceitral  lUffe*.  This 
bus  U'en  nlrcady  notirpd  as  one  of  tiiH  caTmiionest  effects  of 
■bundiiucu  of  foud-yulk.  The  omissiou  of  the  gill-lireathiDg 
atag(!  in  Itylodes  and  in  all  Amniote  Vertebrates  is  a  tj'pical 
oXAtuple. 

8.  The  tendency  to  distortion,  either  in  time  or  space.  All 
OmbryoIogistA  Imvo  iioliced  tlu-  ti-iulriKy  U>  mil  icipivtioD,  or  pn— 
oocioni  development,  of  charucterti  which  i-eully  belong  to  a  later 
Htago  in  thi)  |)edJgrHe.  Mauy  early  tarra3  show  it  tnnrkedly,  I 
t)ie  expliuiotion  in  litis  case  being  th»t  it  U  essuntiul  for  them 
to  puwtew  ut  tlin  liiDc  of  hatching  all  the  organa  necessary  for 
independent  existence.  I 

ADQChroiiismH,  or  actual  reversals  of  tlie  historical  order  of 
development  of  organs  or  parts,  occur  froqueutly.  Thas  the 
joint  Burfacos  of  bones  acquire  their  clmractpristic  curTaton*B 
before  inovt^nient  of  one  part  on  another  is  effected,  and  oven 
before  tln^  joint  i^nvitit-s  ;iri.*  fitriiu-il. 

4.  The  tendency  to  the  acoentaatioa  or  imdne  prolongation 
of  certain  Rtag'es.  'I'lii'^  u  best  ^•.■i^\)  in  ca^t^s  of  abrupt  metaiuor- 
plioiUB,  as  uf  the  caterpillar  to  lln-  buMirrSy;  or  of  the  pelagic 
pIuteuH  Ittcvn  to  tlio  i-ea  uivliin,  slowly  cn»»-liiig  on  the  sva- 
bottom  ;  or  of  the  horbivoroaa  atiuatic  tadpole  to  tlie  terreRrriat 
and  carnivorouR  fi-og.  In  auch  cages  there  i»  usually  agreatdifler- 
enco  between  tai-va  and  adult  in  external  form  and  appearance, 
in  manner  of  life,  and  very  usually  in  modei  of  nutrition  *  and  a 
gmdual  tramitiun  in  inadiniiiiiible,  iK-caiiMe  in  the  intermediate 
8tsg«a  the  aniiual  wudd  bi?  adapted  neither  to  the  larval  nor  to 
thr>  ndnit  conditions;  a  gradual  converaimi  of  tlie  biting  moulh 
parts  of  the  caterpillar  to  the  sucking  proboscis  of  the  luoth  wouUl 
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LDeribkbly  k>ad  to  etnrvaiion.  Tfa«  difficulty  U  eviuled  bj' 
retaining  the  t-xtemul  form  anil  halnM  of  otw  imrlicular  nliigt>  for 
•Q  nndulr  loug  period,  so  that  tbe  relation  of  Xite  ammal  to  its 
surrounding  cnviroDnient  remains  unnltm-d,  wliiiv,  internally, 
preparal.ions  for  the  inter  cUangfs  nn^  in  progrets, 

C.  Tbe  tendency  to  the  acquisition  of  nev  charaoters.  TUia 
bafi  beeu  dealt  with  aln-ndy ;  it  nria^n  from  tlie  fact  llint  the 
larval  forma  of  animaU,  lilc^*  rhe  ntlullg,  are  exposed  totlu-  nction 
of  natural  Dplcction,  and  »a  nrv  liable  to  acquire  charact(-n>  that 
do  not  beloug  to  thv  ancestral  history. 


I)4-for^  leaving  th«  subject  it  is  worth  whilu  inquiring 
wbetJicr  any  exptiinuliou  can  be  found  of  recapitulutiou.  A 
oompletii  answer  can  certainly  uct  bi-  given  at  preeent,  but  a 
partial  one  may,  perhaps,  be  found. 

Darwin  himself  suggested  that  the  clue  migbt  he  fount]  in 
(be  oooMileratinn  diatat  whatever  age  a  variation  lirst  appenr* 
in  tbc>  parent,  it  tonds  to  ri?nppeiir  at  a  corresponding  age  in  the 
ufipring;  bat  thia  must  lie  n-ganletl  rather  as  a  statement  of 
tlir  fundamental  fact  of  embryuldgy  tlian  an  an  rxplaiinlion  of  it. 

It  ia  prohably  safe  to  asaame  that  antmnla  would  not 
recapitulate  aateee  they  were  compelled  to  do  »o :  that  then* 
DOst  be  aonw  oooEtnutnng  induenco  at  work,  forcing  them  to 
ivjx^itt  more  or  less  closely  the  ancestral  Btagea.  It  ia  im|>oe«ibl«, 
'  iuatance,  to  conceive  irhiLt.  advanta^'e  it  van  he  to  a  chick  or 
nblHt  oobrj'o  to  devvlup  gill  ck-fls  wtiich  are  never  Dtd'd,  and 
which  di«up])ear  at  a  slightly  later  stage ;  or  how  it  can  Iwnefit 
Kithnle.  that  in  its  nubryuuic  amdition  it  fihould  poKSfM  teeth 
nhich  never  cut  tbe  gum,  and  which  arc  loHt  before  birth. 

MoraovL^r,  the  wholv  history  of  development    in    dilfcrcut 

lals  or  gronpt^  of  animals  oK»r8  to  us,  an  ne  liave  seen,  a 
of   ingenious,  deterraiocd,  varied,    but    more    or  tees 

accvaeful  «flbrto  to  eacapo  trom  tho  necessity  of  rucapi- 
'laloltng.  and  to  flubditilute  for  the  anceatra]  process  a  niorv 
diiNt  nirthrjd. 

A  further  coiiBideratiou  of  importance  is  that  rrcapituLaliou 
ia  not  seen  in  all  forms  of  development,  but  only  in  development 
from  tbo  egg.  In  tlie  iwverul  forms  of  asexual  developmCDt,  of 
which  budding  ia  the  most  frequent  and  most  fumitiur,  Ibcro  ia 
au  repetition  of  aiiceetnil  phases;  neither  is  there  In  caaea  of 
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ngpoentkm  of  lost  part*,  ndi  as  the  tentacle  of  a  snail,  the 
arm  of  a  staHisli,  or  th«  tail  of  a  Uzanl ;  in  *ach  regeneration  il 
U  not  a  larval  tentacle,  or  arm,  or  tail  that  is  produced,  but  an 
adult  oue. 

The  most  etriking  poiut  about  the  dcvdopmcat  of  the  higlHT 
nniiQuls  is  iJiat  thviv  all  alike  cominence  u  «ggS-  Lookiag 
more  closely  at  the  egg,  and  the  condiLioDs  of  its  dereltqiment, 
two  (acta  impress  ua  as  of  special  importance  :  first,  tJie  eg:g  is  a 
sioglu  cell,  and  therefore  rcprriwiits  RiurpliologicaJlr  the  I'rolo* 
ZMtn,  or  earlinct,  ancestral  stage ;  secoodlv,  the  egg,  before  it 
can  develop.  must>,  ia  the  great  majority  of  cas^^,  be  fertilised  by 
BHpermatozooii,jtuit  as  tbp  stimnlas  of  frrtilimtiou  by  the  pol Ipn 
grain  in  neceiMuiry  before  the  ovum  of  a  i>laQt  will  comuence  to 
develop  into  the  plaut-embrjo. 

The  advantage  of  croes-fortiliBation  in  increasing  the  vigour 
of  tfao  ofFiipring  ia  well  Icnown,  and  in  plant*  devicvs  of  tho 
the  moRt  varied  and  even  extraordinary  kind  are  adopted  tu 
euflure  that  nucti  cross-furtJIituttion  occurs,  llie  e^eoc^  of  the 
act  of  cross-fertilisation  conaists  in  cotnbLnafioD  of  the  nuclm  of 
two  col  U,  male  and  female,  derived  from  ditTerent  individuals. 
Tbc  nature  of  the  procesH  ia  of  such  a  kind  that  two  individual 
cells  are  alone  coticerned  in  it ;  and  it  may  reat»oiiably  be 
argued  tliat  the  reason  why  animals  commence  their  ejusteiice 
a*  eggs,  i.e.  ns  stogie  cells,  it)  becnune  it  iK  in  tins  way  alone  that 
th»  ndviintage  of  cross- fvrlilivntion  cnii  be  secanijd,  an  ndvantngv 
admittedly  of  the  gpeoteat  importance,  and  to  seem*  which 
natural  selectiou  would  operat.e  powerfully. 

The  ocscorrence  of  parhhencigencBis  in  certain  groups,  either 
occmiionully  or  normally,  is  not  ku  $eriouM  nn  objiH^tion  to  this 
view  aa  it  appears  at  firBt.  There  are  strong  reasons  for 
holding  that  pin'tlienogenetic  development  is  a  modtlied  fonn, 
derived  from  tlio  sexual  method.  Mun^ovcr,  it  is  the  very 
Nsenoe  of  the  view  oflvanccd  above,  that  it  docs  not  state  that 
croes-fcrtiliaatiuii  ia  essential  to  individual  devBlopment,  hot 
merely  that  it  is  in  the  highest  degree  atlvantageous  to  tbe 
specie*;  and  hence  room  is  left,  fortbo  occuiTence, exceptionally, 
of  parthenogenet  io  development. 

U  miiy  be  objected  tJiut  thla  is  laying  too  much  stress  on 
sexual  reproduction,  and  on  the  ad\-aiitage  of  eroiui-fertilii>ution ; 
but  it  musi  not  be  forgotten  that  sezaal  repi-oduction  is  tbe 
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ehiuncteriiit  ic    and    eaapotial    mode   of  maltiplicadon    didoq^ 

'MetusoA;  tbat  it  occunt  in  a11  Metazoa;  auil  tiiat  wbeii  usexual 

reprodiictiijiii.  as  by  buddiug,  &c.,  occurs,  tbis  toerety  akernat«e 

with  t bo  sexual  proco^,  wliich  soonor  or  Int^r  bt>conic8  iioccAsary. 

If  lJii>  riuidAti]<>ntAl  ini))oHance  orHexual  roproductioD  to  Ibe 

wvlfore  oftlte  spevivs  bo  grautod,  and  if  tt  be  furtlii^r  admitU-'d 

tbal  MiMaxOR  are  dcinceitded  (rom  Protozoa,   (ben  we  see  that 

there  is  s  most  powerfiil  inftu^nce  coDBtrniiiirig  orm'  aniiual  to 

ootntnenco  itii  life  history  in  the  imicvllular  condition,  ihe  only 

I  eaaditioa  in  which  the  »dvuiitnge  of  cross-ri-rtillntion  nm  be 

^obtained;  ij.  coo-ttrainiug  t-very  animal  to  iN^gin  its  dt<t-«lop- 

nMut  at  ita  eorlii-at  ancestral  stage,  at  the  v<.*ry  bottom  of  it« 

gmMl«gica]  tree. 

On  tbis  viow  tJiA  actual   devolopmcot  of  any  nninial   is 

Ittnctly  tinut«d  at  both  «nds;  it  xaOBt  commt^nco  as  an  egg, 

igad  it  munt  (tnd  in  the  likeuftu  of  the  }mreut.     The  problem  of 

IsiecapitulaLiou    becomes    tlicreby   grtatly    nan-owed;    all   that 

Inmaina  being  to  oxplain  wliy  tbo  iiitenuo-diate  st^gog  in  tbo 

lal  devdoptoenl  sboold  nrpeut,  taari''  or  \vtna  closely,  the  intcr- 

'  aiKUato  atagas  of  the  anoeatra]  hi»ton'.     AUlioagti  narrowird  iit 

tbifl  nvy,  the  problem  still  rcmaiiifi  one  of  extreme  difficidly,  and 

no  final  aolutioii  can  yet  bt*  niven  of  it. 

It-  is  &  ooasetjacnce  of  tlii?  Tbwry  of  Xnlural  Selection  that 
identity  of  atruct  uru  involves  community  of  dt!«(wnt ;  a  givoa 
.lerolt  can  only  bi>  un-ivfd  ut  tbnmgh  a  given  imquence  of 
«veut«.  A  negro  and  a  wliit^:^  tnnti  huve  had  common  uucoeton 
Id  thn  past ;  and  it  ia  tJirough  tho  long-oontiouod  actioa  of 
tion  and  environment  that  the  two  typo*  hnve  gradnally 
(.■rolved.  You  caimot  turn  a  while  man  into  n  negro 
marfrly  by  sending  Iiiu  to  live  in  Afrini :  to  crvnto  a  negro  tho 
whole  anoestrol  hist<wy  would  have  to  be  repeated,  and  it  may 
bo  that  it  U  for  the  same  reason  that  tiie  embryo  must  repeat, 
or  rOMpitutate,  ito  uacostrat  biiitory  in  order  to  roach  the  adult 

Kleiiw^nberg,  in  bis '  llieory  of  the  Di'velopmeot  ofOrgana  l^- 

Sobatitution,'  has  suggested   that  each   historic  stage  id  tbe 

ilntton  of  an  organ  is  noci-fisnrr  a»  a  stimutus  to  tho  dovelop- 

IlMitt  of  t)ie  Dext  ancceeding  stage,  and  that  the  reason  for  tba 

osttBordlQar}'  persistence,  in  embr>'ouic  life,  of  organs  which  are 

rodfawntary  and  functionlcea  in   tho  adult,  may  bo  that  the 
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praamoe  of  sacb  organs  in  the  emhrru  U  iiidbpniaU<>  •?  ■ 
•tJnialiu)  to  tbe  d«>relopment  or  \be  pernuoeat  stnutates  < 
adalt,     Slionld  tbia  theory  prove  to  be  mU  foutded,  it  will 
ftflbrd  ft  ready  and  wcrlronie  ('XpUtution  of  Dikn;  perplesdng  hcts 
in  tlir  development  of  anitnals. 

Tha  Origin  of  Bex. 

The  simpleet  mode  nf  reproductioD  is  a  men*  set  of  fis*^: 
cell  division,  as  seen  in  an  AtDiubn  or  In  on  firdinarir  npthehnl 
cell.   Sach  a  form  of  repmductioo  ia  cbaracteiudc  of  llie  Mtnpli-r 
Protozoa,  and  of  the  componoat  tissOM  of  Mfltaaaa.     It  m&v 
concern  one  individual  alone,  or  mn;  be  prcoeded  b^r  Ibe  odifl 
jn^tion  or  fusion  of  two  or  more  oi%iaaltT  separate  indiridnM 

The  higher  Protraon.  or  Infuaoria.ebow  cotuiderable  adnuin 
on  this  simple  uietbod.  luParamecitini.orStylonyoliia,  reproda> 
tioii  ih  cflectml,  us  boforv,  !>/  lii«ion,  i.i).  bj  (livi«ion  of  tlie  single 
animal  into  two  neparate  animals ;  and  oader  (aruuniblp  dnram- 
fftances  tbU  pttxrects  niay  )»  repealed  again  and  n^in  vriLb  gnat 
inpidity.  Sooner  or  lati>r  t  lio  mtc  stnckrnA,  and  ultiroately  tha 
process  stops  a]tci;;;cth4>r ;  and  it  doea  not  recaBinieaoe  i>B^| 
conjuffation,  usunlly  ti-roporar;-.  has  oocnrred  U-twivn  two  indi^ 
viduala,  which  on  the  completion  of  the  prffoe*--*  lurgin  to  dividi- 
actively  once  fnore>.  Maupas*  rc«oorchcs  have  shown  that  this 
conjugation  is  absnlutrly  necessary,  siid  tliat  it  miittt  nut  take 

In  VortifolU  there  is  further  complication,  for  rhe  conJaS!^ 
ling  individunln  ure  in  this  case  unlike;  ooe  being  an  ordinary 
large,  ntulked  V'orticella ;  the  other  a  small  free-tiwimming  indi- 
viduul,  of  which  n  number,  nimnlly  eifflit,  are  formed  by  gimnl- 
tonooua  division  uf  u  largv  Vorttcdla.  Thrconjagatiouia  in  thin 
case  a  iwrmimcnt  one,  the  small  VortJcella  fu^ng  comploteU' 
witli  thi'  Inrgo  oiii';  and  the  w-linlppr<iccsscon"esponcls singularly 
uKwcIv  with  the  sexiinl  reproduction  nf  Metaiwa,  the  small 
fTci&-«wiinming  Vorticella  playing  the  part  of  Ihc  epemiatosaxm, 
white  tlio  Inrgc  lixed  one  behuvi^s  n#  the  ovnnt.  This  may  be 
taken  af^tlic  tirHtdefinttoeBtablisliiueiit  amongst auiinaUor^oxnal 
Uiflt-reritintJoii,  nud  the  two  Vorticcllje  way  not  inappntprinU'Iv 
be  spoken  of  ns  mttle  niid  female  respectirvly. 


place  butWi-TU  two  o](/9e1y  allied  iuilividualu,  but  beiw^ 
of  diflV-rent  broods. 


the  culonial  ProtoKuii,  hucIi  bh  Volro^t,  wliicli  take  the 
form  of  hollow  Lnllit  oT  cfllt,  certAin  of  the  culls  bccomt^  (urge 
uid  Btutioiiary,  forming  the  female  cells  or  ova  •  theso  are 
fertilised  by  atnoll  active  male  cells,  derived  from  the  ^amu  or 
from  other  colonies ;  and  tlit-n,  by  (tivisJoQ  of  tli©  fertiltaod  ova, 
new  bolls  or  eoloiiivi*  un>  (brnietl. 

This  procen  is  Msentially  tliu  aanie  as  the  sexual  rpproduc- 
tittu  of  Metazoft,  and  there  cnu  be  litlli;  duubt  that  thu  prcKveA 
has  htt'n  iiiLvritotl  hy  the  Mctuzoa  frou  their  Pmtozoan  anceetora. 

'Hie  rroson  for  the  oocaireitoe  of  sosoal  reproduction  io  all 
Metaxon  iit  pruhably  to  he  found,  as  au^f^xti-d  ahovu,  in  the 
eoncidenitioQ  that  it  is  through  aexiiul  reproduction  alone  that. 
the  fhll  odvantafro  of  croe»-fertiU£atioD  can  be  obtained.  This 
riev,  that  sexual  reprodaction  is  to  Im  regarded  as  highly 
advmiitagCDu»  mthiT  1  ban  as  abM>ltit«ly  etwential  tu  thv  spocii-'e,  is 
of  great'  iiDiMrtant^e,  as  it  loaves  raoni  for,  and  renders  intelligihlf^ 
tJi9  occurrence  of  other  and  asexual  mode's  of  reproducttou  such 
as  arc  mcq  in  w  many  groups  of  Invurtebratee.  It  also  aSoi'ds 
a  (.'lue  to  till!  •>\triK>rtliimry  condition  of  tilings  dtrscribcd  in 
oerlaiD  of  lliu  pelagic  Ttmicatt^s.  Saleasky  has  shown  that  iu 
Salpa,  and  Co  a  lees  lunrked  d^ree  in  Pyrosomn,  cerlniu  of  the 
folItcle-coHs  Kurroundiitg  tlio  o%tini  pass  into  its  interior,  and 
lukB  an  active  part  in  the  formaticm  of  the  embryo ;  so  that, 
although  the  egg  b  fertjli:^  ia  tbe  ordioaiy  muunor,  the  hlasto- 
meree  rmnlling  from  its  segmentation  ouly  give  rise  to  certAiit  of 
tho oomp' ment  cells  of  (hf  embn,'o,  and  not,  aa  Ls  iiKiinlly  thecii»e, 
ht  all  lA'  ibt-m.  This  uiude  of  devtdopmuuL  may  Im>  regarded  a» 
t  oombioBtioa  of  the  ordinary  sexual  process  with  un  ascAual 
prooesa  similar  to  tliut  by  whicli  the  gcinninles  of  spoDgee  or  the 
itatohlasts  of  Tolvz^  a  are  formed. 


trut  ig^cA*  morw  intporiant  Bookn  and  ifemoin  bearing  on 
lite  SubjucU  of  CAaptar  I. 

Baifosr. P. U. :  >TroaiUcuaCunparaeive  Knbrjolo^.'  Vol. L chapiL  1.  U.IIL; 

vol.  (1.  dtsfi.  siit.    IMO-Sl. 
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AkUtm  lie  BiflUHTio.  IT.     IH84. 
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I.  GKN'ERAL  ACCOUNT. 
1 .  Stntctore  of  Ampfaioxtu. 

Amptiioxus  U  a  smull.  sonii-tmnspnnBnt,  fish-lilc«  animal, 
abniit  n  coapio  of  indies  in  leiif^,  round  iu  elialluw  porta  of  the 
MedittTTsiKnui  and  oilier  m-afi.  It  ia  of  sluggish  liabitit,  ntu] 
(mBlly  remains  buried  in  the  sand,  either  completely  or  with 
the  anterior  end  Blone  prutruding;  but  if  diatiirlied  it  swintg 
nctively,  Sy  nipii3  latvrnl  movcmciils  of  the  Iwidy. 

lb  the  ^e»)-r»1  plan  of  ila  or^anisation  Atupliioxus  agii^eii 
with  th«  more  fAiniiittr  members  of  the  ^roup  of  Vi<rl«bmt4>8.  but 
in  n  large  number  of  important  n-epecte  iL  is  far  simpler  than 
any  of  tbeae. 

The  eifornal  appearaoce  of  Ampliioxns  iit  ahowu  in  1-lg.  11. 
The  txidy  iii  elon^edjntcrally  conipres!)ec],an<I  pointed  nt  both 
«iul».     I'h'-r*'  iH  iiu  ilii^iiict  Iiuiul.  luid  no  in\c»  of  liml». 

A  low  dorsal  fin  runs  along  the  middoi-sal  line  from  end 
to  pQtl  of  ibo  aaimai,  becomiu]|;  moru  proiiiiiii*&t  at  the  hhitler 
end  86  the  upper  lobe  of  tho  candal  An.  The  ventral  Burlace 
bcant  a  median  tin  along  it-f  pot«torior  third,  but  in  Front  of  thi« 
ia  Ilatieiied,  so  thiit  the  bixly  is  triangular  in  iiection.  The  aides 
v.-r  this  tiatteucd  veiitrut  surface  are  bordered  by  the  lateral  tins 
cr  metaplcnral  folds.     (C/.  Figs.  11,  12.  13.) 

The  siceli'lon  in  in  an  oxtrumely  eimplo  condition.  N«ithf>r 
cartilage  nor  heme  is  present,  and  tliP  pi-iiicipal  dkeletnl  structui'O 
is  na  elongated  ftla«it(!  rod,  tli>-  notochord  (Fig.  II,  k),  which 
extends  th«  entire  length  of  th^  anitnal,  lying  dorsal  to  the  ali- 
uii.vlnn'  ciuul  nnd  between  this  and  tlie  spinal  cord.  The  noto- 
chord is  siirrLiundvd  by  u  thick  eheuth  of  dt.<ti;jci  connective  t  issnu 
(Fig.  1 2,  li),  which  in  prolung«d  dorsalvrnnis  to  form  a  tubular 
in?D8tininit  around  the  spinal  cord.     From  these  sheaths  lo  the 
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aoac  inpertaoi  part  of  Uie 
nrstcm.  Tbey 
the  nie  wftUs  of  tl>e 
hoir  abi^  iu  whole  l<eugtfi 
(^.*  Figs.  12  and  13), 
Mid  arp  divided,  as  alreadr 
deienbad,  into  inttBcIo  eef- 
or  nvotoDiee  bj  tbf 
tissae  M-pu. 
TW  nasde  fibres  of  taA 
ntTobnne  mn  longitvfi- 
lullv,  tr.  parallel  to  tb* 
uds  of  tbe  body,  Ibc  Sine 
takii^  origin  from  te 
cooDMJtiTO  tiHoe  nft» 
TV*  mTotoniee  Ii>rs 
fooad  to  be  eixty-oae  nt 
(SK^sidpof  tliu  bodfia* 
eprrimens,  nnd  It  seems 
Tho  i«\-otoin«i  of  the 
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the  body  atv  not  arranged  in  pairs,  bat  nltt-nint^  willi 
Be  aaotlier  along  the  whole  tengtb  of  the  aiiiriiiil ;  iind  this 
btt«ral  tufjminf;try.  odo  of  the  most  maiked  Foatareg  of  the  iwlitlt 
Ainphioxua,  affL-cts  tliB  nerves,  blood-vpswels,  and  othop  Btructurea 
U  well.     Tbe  veutnl  surfacn  of  tbo  budv  iu  the  anterior  two- 


.^^ 


U*^ 


19  —ABphlMtu  UiUMlatiif.  TrnnnTcnie  ii»cti«n  throufth  Hi"  HEtUTiAT 
ptjt  (if  tbfl  plmryni  of  un  lulult  tpcciroco.  IIib  bouD(!iU7  nf  ch«  slrbil 
a*>tj  i«  tiii^icMl«d  bj'  n  tlikk  black  lino.  Tbc  teotioo  i>  (akcn  at  nboat 
tb*  le*el  of  tbo  r«feraDM  lina  S  in  Ft|r.  U.    (FiDm  UanhaU  uid  Utiisl.) 

—        A. qrtiWn  ttf  donal  Bn.  B.  (pliial  oonL  C. DiiCoctard.  D.miiiiMtlttbUnar  daUh 

,  MrtvuiiillBa  Mlixkwit    BL  en«j  tit  irbuju.    It.  TplbnocUtl  KrivtB  n(  plMfjss. 

|0,a4aH2la,iiU(bla  till*  uMrttf  fwl  k  aaluOBl  oul  or  '(tu  eaem.    1LM(M 

■VMf.     J.  Iiaavnn*  navln  la  floDt  n<  urt*l  wily.     M.  'lomJ   mlmnlc  dUuiL 

[  —will  I  fnl  1  nl  pbirj*!.  Hpirutit  ik*  .IaikI  obIdiiiI*  mimI  tna  lb*  ttibl 
<B«lir-  8.  aUbanh  at  UtmbM  loi :  Ue  wUu  irbarolu  aput  fWMNiU  Un  nH 
■nnm  at  tba  ataMal  nd  «l  tta  vcAk 

kinls  or  llie  imimAl  is  coven^d  by  a  tliin  slioet  of  muecte  (7i|f. 

J),  the  Gbrra  of  which,  run  tran»Yrrecly  from  side  to  side. 

*ViM  Mitm«ntary  canal  iii  a  Dearly  straight  tub«,  Lite  anterior 

of  which  ii  inodiGitl  for  r^s|iimtion,  as  in  li?-h. 

'I1ie  bnrcal  orilicv  (Pig.  1 1)  is  n  Inrgn  oval  opening,  on  the 

r«oirnI  eurTitce  oftho  atilvrior  end  of  tbo  body  ;  it  is  friagod  on 

each  side  bv  a  scries  of  ciliated  t«ntacleB,  but  there  are  no 
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jaws.  The  buccal  orifice  opens  into  n  Imccal  caritj  (Fig.  11,*),' 
which  18  bounded  laterally  bj-  rlie  buccal  hood,  untl  posteriorly 
by  n  iTiiistTular  diaphragm,  the  velum ;  a  soinll  i>epforfttion  ill 
the  vflum,  a  little  way  below  its  middle,  is  the  tnw  mouth  and 
leads  iuto  the  phtu-yux.  H 

The  pliaryiix  (Fig.  11,  c)  U  a  wide  sac,  f^iruiing  about  hnlf 
the  loiigth  of  tho  ftliiiioiitary  canal,  and  att.iched  along  its  inid- 
doraal  lire  to  the  under  eurfncc  of  the  aheath  of  tho  notochori, 
(Fig.  12).  The  nides  of  the  pharynx  are  iK'rfonitd*d  by  a  large 
number  of  slit-Iikw  apertur«a,  the  gill-iliti.  which  run  obliquely 
downwards  mid  backwards,  and  of  which  iu  the  adult  auiinal 
there  may  W  one  huiidn-d  or  more  on  each  side.  Tlti>  parts  of 
tho  pharyngeal  wall  left  between  auccessire  slits  )u«  narrow 
bars,  the  giU«arclw»,  e«cli  of  which  its  strenglliened  by  an  bjubI  ^ 
rOil  of  ft  chitiiious  jtuhstiincf.  TIic!*«  arches  are  of  two  kinds, 
arranged  alternately  ;  the  axial  roda  of  tho  second,  fourth,  &<"., 
or  primary  arches,  being  forked  at  their  ■ventral  ends,  while 
the  rods  of  the  ultcmate,  or  sccwndary  arches,  are  un«|iHt.  Each  i 
double  gill-Blit  is  originally  u  single  one,  bat  becomes  divided] 
in  thn  course  of  development  (^clde  p.  78),  by  the  downgrowthl 
of  the  unsplit  bar,  or  tongue-bar  as  it  is  termed,  trom  '\t»  dorsatj 
end.  The  ainxTesaive  gill-»rchc«  ure  couiiccted  by  horizontal 
of  which  there  are  usually  three  or  more  crOBSiug  each  slit, 
that  the  pharynx  has  the  character  of  aa  open  mcahwork. 

Along  the  mid-dorsal  line  of  the  phun-ux  is  a  deep  epibran- 
chial  groove  (Fig.  12,  k),  lined  by  ufiiuglo  layer  of  long  columoar 
ciliitted  cells.    A  bundof  similar  ceils,  the  endostyle (Fig.  12,  o), 
ruTW  ulong  the   mid-ventral   wall  of  the  pliuryux ;  it  Is   foMe^^ 
longitudinally  in  its  hinder  part  I«  form  a  groove  (Fig.  13,  o).  ^| 

The  iatestiiie  (Fig.  11)  cumiBenc»;s  at  the  hinder  end  of  tlifl 
phaiynx,  cUm-  to  the  domal  surface;  and  runs  straight  back  to^ 
the  anus,  which  is  on  the  ventral  surface,  some  lit^e.  distano^| 
from  the  hinder  fud  of  the  body,  and  slightly  to  the  left  of  the 
mrdiikn  phm^^'.     The  intestine  is  extremely  narrow  at  ita  com- 
mencemeut ;  furt^her  bock  it  dilal^^  to  form  au  oxirauded  port  oM 
stomach,  from  which  a  large   pouch-liUo  outgrowth,  the   liTCT 
(Fig.  II,  t>),  extends  forwards  some  distance  along  ihe  right  Bi< 
of  the  pharynx,  ending  blindly  in  front. 

During  life   a  stream  of  wntcr  passes  tlirouf»h  the  mont 
into  the  pbsiyiuc,  and  then  out  through  the  gill>slits  in  the  aid< 
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of  lli«  phftrynx,  the  etroam  being  kept  up  b;^  the  a^^tinn  of 
culumnitr  (lAgelhle  cells  which  clothe  the  gill-archcta,  and  Ibe 
water  ecrring  to  al^rato  the  blood  ia  tbe  vt^ssele  of  tJie  arches 
&a  it  iiwilU  over  thorn. 

I'Uo  waiLT  that  has  j»i»(«(l  tbi-ou^h  tbt-  gill-iiliLs  escapee  into 
»  large  space,  tbe  atrial  or  epipleural  oariCy  (Fi|^.  12,  ti):  tliis 
ti«a  betwMD  th«  pliur^nx  aod  the  body  n-nll,  anJ  into  it  tho 
pharynx  hangs  freely,  Hluiig  up  to  tho  bndy  walU  by  riuspensoiy 
firids  (i^g.  13,  t).  Ilie  utxlul  cavity  extentla  back  fiome  distance 
behind  tbe  pharynx,  aod  .ilon^  it  the  water  passes,  escaping 
finally  by  the  otrial  potv  (Viff.  1 1. 1),  an  apartnTO  on  the  ventral 
■uHuoo  of  the  body,  bordered  by  prominent,  lipit,  aiid  about  oue- 
third  the  Ic&fftli  of  tbr  uuiiasl  from  its  hinder  i^nd.  Tlie  atrial 
cavity  of  Atnphioxus  is  a  very  charwct^rist Ic  fcatiiit?  in  its  ana- 
Icmy,  and  in  apjnrentty  uiireprei^ented  in  t!ie  higher  Verte- 
bratoB. 

'I'lir  otelom  or  body  cavity  is  quit*-  distinct  from  the  atHal 
cAvity.  tliou^jh  itfi  boundaries  are  not  easy  to  follow.  In  the 
posterior  piu-t  of  the  kidy,  Ix-hind  the  atrial  jwre,  the  ctrlom  is  ii 
cavity  of  whiio  width,  surrounding  the  intestine  and  »^pnral!iig 
this  from  the  body  wall ;  in  front  of  tlie  atrial  jmre  it  beooraes 
giBfttJy  reduced  owing  to  tbe  increased  size  of  the  atrial  cavity; 
it  is,  howi'vor,  readily  recogoieable  as  a  narrow  space  im- 
mediately surroiiudin]^  tbo  iul<M(tine  imd  tbe  liver.  Further 
Gmrards,  in  the  region  of  the  pharynx,  tbe  calom  l)ecoraw  much 
wbdivided,  and  more  difticnlt  to  trace;  its  principal  division.^ 
an  a  pair  of  danal  eoelomic  canala  (Vigs.  \2  and  13,  m),  lying 
■t  the  sides  of  the  dorsal  port  of  tlw  phai^nix,  between  the  liody 
wills  aiid  tbo  simpcnsni-y  folds  of  the  pharynx.  From  tbo 
jurssl  ccelomio  canals  a  series  of  tubular  divcrrlicii la  extend  down 
the  outer  sidfs  of  tht-  primary  gill-arches,  a^  far  as  their  ventral 
ends.  A  Mtries  of  spaces  surrounding  the  repnxluclive  oT]gans 
(Pig.  13.  ov)  an*  nI»o  parts  of  tbe  caJom. 

The  large  spaces,  P,  iii  tJie  nictnph'tiral  foldn  do  not  belong 
to  iJie  ctelofii.  bat  are  apparently  lymphatic  in  nalurp. 

In  the  circalatory  system  the  more  important  feat^ires  are 
(bo  Aillowin^.  There  is  no  hcnri,  but  ibo  g«neral  coursi*  of  tho 
circa lation  in  tbe  same  as  in  a  lish.  A  median  longitudiiud  vcsael, 
tbe  eardia«  aorta  or  endoitylar  artery  (Fig».  1 2  and  1=1,  s),  receives 
Tsnoua  blood  from  tlM'  body  at  its  binder  end,  and  earriea  it 
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Forwartls  along  the  floor  of  the  phnrjmx :  from  tlie  cnrdiac  noita 
till?  Mood  passes  along  a  aeritrs  ofvesaelR  !»  tlin  g^ll-arclies,  becom- 
ing ai-rat-od  on  tlie  way,  tothedorsftl  aortse.  a  pair  of  loD^tndinal 
vessels  (Figs.  12  and  13,  B),  lyin^'jiist  beneath  rhe  notocliord: 
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rid.  IS.^AmpIuDiui  Uoe^oUtuf.  TnuuvvrM  Motion  Uironi^Ii  the  biixict 
putl  of  iht-  )ilinrynx  at  nn  ttilult  fcmnlo,  paanlnft  Throuf^h  (he  liter  an^  ibe 
ovariM.  'rtu  lioandnTy  of  the  ntrlnl  cavit}'  in  Indiontcd  by  a  Ihiuk  bind: 
lino.  Tbo  Ki^lion  ji<  tjikon  at  about  Ibe  lovcl  of  tlie  rvferencv  lioe  X  (n 
KiK.  11,     (Fmin  Mnrnhtiil  otiii  Hiirst.) 

A.  aknlrl4iii  n1  ^Icprvt]  nil.    H.  ^vli^"!   riml-    C.  nntwhnn].    D.  tfom'Tttv*  U— at 

B.alrUlMTtl}'.  li.liivr,  H.  •I.mal  iviilonili<  ouoL  K.  trnnfltiUil  wtlnnils  fl«ML 
C.  wdonlc  imoa  •arraTio'lJuii  lltrr.  OV.  nnti.  P.  nirtnplcuml  auml.  B.  kA 
omlunik   8. canlbc Mrt*.    T.  tirintli-' nini 

these  uuitt*  bobiuU  tbo  pharynx  U>  funii  &  aiugle  dorsal  aorta, 
from  whicL  branches  supply  tlie  varioiiB  pai-ts  of  tte  body. 

Th<-  nenotis  syst^'ni  consists*  of  o  tiibf  of  nprvons  matter, 
tho  H[>iDal  (.'ord,  whicU  Uva  iiiimcdJufcly  iibovo  iJie  nutocliord, 
ftnd  extends  altnoBt  the  «a(ii-e  len^li  of  the  body.  It  tajHT^ 
slightly  at  its  aiiCorior  end,  and  more  markedly  iKvhind.     Tbo 
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CFntrnl  canal  of  this  tube  is  very  small  along  the  whole  length 
of  tile  cord,  except  At  tht  extreme  iiutcrior  «U(1,  wLere  it  expands 
to  fijmi  a  thin-walle*!  chamber,  ot  ventricle,  Thia  dilatatioti  of 
the  central  cnnal  constitutes  tlio  only  indicntion,  if  indeed  it  cnn 
be  regarded  a«  Huch,  of  anything  correspnading  to  tJte  breiii  uf 
higbpr  Verlabrntefl.  The  nervet!  arise  t'ithnr  liy  single  roots 
fti>tti  the  donal  snrfaco  of  the  cord,  or  by  multiple  roots  fi-om 
its  Tontnit  surface:  the  two  sets  of  nerves,  which  aro  quite 
iiMle|H-ndeiit.  of  each  other,  appear  to  correspond  with  tiie  dorsal 
and  ventral  roots  of  the  apin»l  nerves  of  other  Vertebrates, 
uJth^iugfa  llie  durul  roota  have  no  gan^^Iia  and  ar«  both  seii&orj' 
oud  Rtotor  ia  fuQctioii.  Excepting  the  anterior  three  or  four 
of  each  Bide,  lb"  aen-CK  ariiw,  not  in  pnlm,  but  ulternutely  front 
tiif  Tinht  and  luH.  sides  of  tho  cord. 

llip  seiLBP  orf^ns  are  io  a  very  simple  condition,  and  cjm 
only  doabcfolly  be  rompai-ed  with  thtise  of  higher  Vertebrates. 
Krvnn  the  anterior  end  of  the  ventricle  of  the  central  ncrxous 
ayslrni,  a  hollow  oat.growtli  nrineti,  which  ia  in  cloHo  relation  with 
a  ciliai^l  pit  on  the  durtial  Huriuee  uud  left  eide  of  lie  autt>rior 
end  of  the  animal.  Tliis  pit  is  commonly  regarded  as  an  olfac- 
tory orgUL 

The  '  eye '  is  n  rounded  pigment-epot  id  the  anterior  n-ull  of 
thf  ventricle;  i.i>.  at  tlie  anterior  end  of  the  central  nei'vous 
tvstent  (Fig.  11,  m).     'ITiere  is  uo  trace  of  an  ear. 

'ITie  si>^es  an-  distinct,  btit  the  male  and  female  are  Mmitar, 
escvjit  DM  regnnU  tb"  niici-iiMopir  Htructurr  uf  thv  n^productive 
oi;gaai>.     There  are  tut  genital  ducts. 

In  the  female,  the  orariM  (Kig.  1^.  ov)  are  a  series  of 
saccular  orgaiia,  arranged  in  a  row  along  tlio  inner  earface  of 
tlie  lj»dy  wftll,  on  ench  ttidn  of  tlie  phnrytix,  in  the  !>egiiient»  from 
the  laitJi  to  tLe  thirtyttixtli.  Tber}'  lie  in  cavities,  which  are 
ipecialised  portions  of  the  cwlom,  and  tlie  true  relations  of  which 
will  be  describwl  when  the  di^rclopnwnt  of  the  reprodoctivf 
orgftiis  ia  conaidpffd. 

Thr  QTR,  when  ripe,  are  discharged  into  iJie  atrial  cavity  by 

debii«n^noe   of  the  proper  wall  of  tlie  ovary  and  of  the  atrial 

BemWniie.     The   du-charged   ova,    together   with    tlio  ovaries, 

iu  a  bulky  mass,  which  canses  greiit  distenBion  of  the  alHul 

avity,  aiid  distortion,  throagh  prvasore,  of  the  phur^-oz  and 

otlier  oi^ii(i»>. 
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notocbord  and  spinal  cord,  connective  tissue  parljtions  or  tsr^tn 
arise,  which,  ranmng  outwarda  to  the  ehin,  divide  tlie  grent 
Ifltornl  inuBclts  of  the  body  into  ninwlo-Bpf»mpiits  or  myotome 

5J  .      ^t       (Fig.  II, s.  andFig.  Vl,x.) 
/|\  ■?  I,     is      The  uttocli inputs  of  thceo 

ficpta.  lo  (ho-  ekin  are  Indi- 
cated hy  »  series  of  >- 
sha|iL-d  markings,  \'eiy 
clearly  eeen  on  the  sides 
of  the  animal  along  its 
■whole  length  (Tig.  11). 

'V\ie  only  otlier  nki'ti'tA] 
structures  of  importance 
lire  H  neries  of  elastic  chiti- 
uijus  ruds,  supporting  the 
eide  walla  of  the  pharynx ; 
and  an  oral  hoop,  sur- 
rounding the  mouth. 

Tin-  great.  Intt-rml  »iu#- 
clett,  uoticL'd  abuvu,  am  the 
most  important  part  of  the 
musculnr  system.  They 
form  the  Bide  wallii  of  the 
body  along  its  whole  k-ngth 
(c/.  Figs.  15  and  13), 
and  are  divided,  as  abvftdy 
described,  into  muscle  acg- 
iiients  or  myotomee  by  the 
connective     tissue     septa. 

\to'i' "  IS~'n^?     'I'he  muscle  fibres  of  each 

myotome  run  longitodi- 
lially,  i.e.  parallel  to  tlio 
axis  of"  the  body,  the  fibres 
taking  origin  from  the 
connective  tlKtue  septa. 
Tho  myotomes  have  been 
found  to  be  sixty-one  on 
each  »ide  of  tho  body  in  a 
cort»iderab!e  nitniber  of  specimens,  and  It  seeuis  probable 
thaC  thie  uuuiber  is  constant.     'ITic  myotomes  of  the  two  sides 
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flf  the  body  arv  imt  armnged  in  ]>airs,  but  a]t<>n)ftt'«  witJi 
ooe  utotber  aloog  the  wliole  leii^li  or  the  aniiiiiil;  atid  this 
lateral  iwyniinetry,  ono  of  the  niost  marked  features  of  the  lidult 
Amphioxui^affectiitJie  nervw, blood-vessels,  and  othior structures 
ks  well.     'Ilie  treDtral  surGicc  of  the  bodv  in  tbo  anterior  two- 
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Pm.  is. — AnpUwna  UBOMlatva.  TriniraM  •■■cUAn  Ihreniitb  tlio  *ot*Hor 
pMt  of  itw  l>hMt7tax  i>f  aa  ndalt  Kpnrimcn.  I'hr  bciMiiilntj  of  tba  nlrbil 
ca*it;  )■  Indlcittci)  bj  n  iliidc  lilacl;  lim.  Tbc  leclion  it  taken  aX.  itbout 
tbe  IriDl  of  tbc  r«f«r«f>oe  LtiM  S  In  fig.  11.    (Prom  Mjirohull  anrl  Uurat.) 

A.  tkOMM  t<  d«n>l  Sn.  B>*plMli'*nL  QMMriMnt.  D.  (nnii«cltTt.Una*  nballl 
mmrntmllmt  wwoifcwtL  KoiTny  or  (barjiii.  P.  ctiitni^tittJ  (rucnt  cl  Mmtvi. 
Ot«MlM<le.«Milibttlli  MMdor  ful  I*  MlMncd  out  or  (TtocMTW.  B  MM*! 
OmO/,     #.  II— iiKH  uniMlH  In  Sum  n(  altlal  aailtf.     If,  4r>nal  mhnnir  <««at 

•Mmanr  tnM  nl  t-^ttrjvx.  rnmriUng  (k*  d(*ml  coiiaila  c*tiil  l^nm  lUr  (Iritl 
owlly.  B.  em^mi  w  ^i**»tiMl  h>r :  Dm  wUm  MMrrftr  arut  wiuimul*  Iha  ml 
■tffwv  of  llw  itrMBl  ro)  •!  U*  tnti. 

(birds  of  tbd  niitmal  ia  rovori-d  by  n  tbin  sli<>pt  of  iiiiiiiclo  (Tig. 
I'i,  3),  tb«  tiljrra  of  whirli  run  tninavcrscly  frtiiii  Ntir  to  side. 

lliif  nliuieiilAry  canal  is  a  nearly  straight  tube,  tbc  anlenor 
part  of  vhich  is  tixxlilitKl  for  ro^pinition,  a«  in  tiiib. 

Tbo  bui-cal  onlia'  (Vig.  1 1)  iii  ii  largo  oval  opetiing,  on  the 
TfntmJ  turfoce  of  tbo  autvrior  vud  d*  tbv  botly  ;  it  is  tHngi-d  oa 
neb    side  by   a  series  of  ciliated   teutncle-s,  but  there  are  no 
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di?ge»orftl  ion  has,  Jiowevcr.  been  bitinght  forwanl ;  ftnii  the 
theory  of  degoncrntion  would  U-uvl-  ultogvthtT  uuexplained  wtat  w 
afVt^r  all  thei  moat  itRportant  fact,  namelj,  the  resetnblaocio  so  often 
refen-ed  t«  above,  aud  »*e<Mi  not  in  one  organ  only,  but  in  almost 
erery  part  of  ibt  atnietare,  bf-twwMi  the  adult  AinpUioa:us  aud 
tlie  embryonic  stUiget^  of  developmeat  of  the  tuj^lier  VertobmtM. 

a.  Ocncral  Account  of  the  Development  of  Amphioxns, 

The  de^-elopiuent  of  Aiiipbioxus  baa,  as  yet,  been  stadied  bra 
rery  limited  number  of  lovosti^Atoi^  ;  andiitauy  points,  Mpecially 
in  tlie  Intror  xtag«s,  are  still  nn!y  imjierfectly  nndeivtood. 

Our  uctuul  knowlod^  is  due  in  tW  Urst  ItiKtance  to  Kowa- 
levukj*,  who  publigbed  in  1867  an  account  of  obBerrationa  made 
by  him  at  Naples  in  IS6-1.  Ilis  (lescnptionB,  though  brief,  ftre 
excii«diii}{ly  prociuL-  und  well  illu»truted.  and  dvuJ  w-ith  both  the 
earlier  and  later  stajjes  of  development ;  tliey  were  ftupplententM] 
by  further  ]m]K>rs  in  1870  anil  1676. 

In  1881,  Hatwibak  publiabud  a  dotailud  and  admirably 
illustnited  account  of  the  earber  stages  nf  (Vvel<1pml^n^,  from  the 
laying;  of  the  cgg^  up  to  tho  rorma.tion  of  the  mouth  and  tirst 
gill-cleft,  nis  obscn-ntions  were  made  near  Messina,  the 
specimens  being  obtuiuril  frcim  a  ^uiall  suit  biho,  c<^>mniunicatittg 
with  the  «e«  by  a  narrow  channel  two  or  three  hundred  yards  in 
length. 

The  later  etagas  of  development,  and  more  especially  the 
mode  of  fonnation  of  tho  gill-ck'fls,  the  endu^tylc,  and  tlicntriul 
cavity  were  described  veiy  fully  by  Mr.  Willey  and  Professor 
Lankuater  in  1890  and  1891,  fixcm  observntioiiB  on  z^pecirneDs 
obtained  by  Mr.  Willcj  from  the  same  locality  ns  Ltatschek. 
Quite  recently,  1892,  Boveri  has  described  the  mode  of  tormation 
of  tJie  reproductive  organs. 

Tb«  spawning  pricxl,  in  the  Mediterranean,  bcgioB  early  in 
spring,  towards  ihe  end  of  ifarch,  and  continues  tlirougbout  the 
aarnmer,  up  to  September;  June  being  apparently  the  month  of 
greatest  activity.  Thy  eggs  are  laid  about,  sunset,  usually 
between  7  and  8  P.M.;  they  ure  very  small,  U'105  mm.  iu  diameter, 
jd  couseqaeutly  contain  but  little  Ibod-yo'lk.  They  are  fertilised 
once,  by  spermatozoa  slied  over  them  by  the  male,  and  begin 
to  develop  almost  directly.  'Hie  early  .itage*  ai-e  passed  tbrouf^ 
with  great  rapidity,  and  early  on  the  following  moroiug,  about 
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t-\g]it  hours  nfW  the  oggs  wore  laid,  the  little  embryos  work 
their  way  ont  of  the  egg-mombrnnes  aiirl  swim  freely.  Their 
conijitir.m  at  hittchtng  i»  shown  in  Fig«.  'i-t  aad  26,  p.  -59. 

AfU-r  hatching,  the  embryos  continue  lo  develop  ra[)idly, 
ani]  iu  nlxiut  tiiirty-aix  hours  from  the  time  of  8ptin'niii||f  Diey 
n-Ach  Llie  stage  Hbown  in  Tig.  31,  p.  74.  The  month  is  not 
fbrmed  until  tbo  vtui  Dfthis  iteriix],  mid  dovr-lopmeiil.  up  to  this 
bIii^<  ifi  apiuretiiiy  HfTt'ctiHl  ut  tho  exiwiiHt*  of  the  small  amount 
(if  food-yolt!  contAined  in  the  egg. 

AfU^T  tb«  formation  of  tho  mouth,  th«  embryo  oontinucH  its 
peU^c  lifo,  but  fmm  ihis  time  develops  xlowly,  incrcnsing  in 
leogtti,  and  ffraduully  acquiring  the  iihape  aad  chsrocLcra  of  the 
«tlnU.  Uiiriugthis  period  the  anterior  port  of  the  body  presents 
»ii  extmordinary  Mymmrtrj',  by  whicli  tho  modo  of  furmaiion  of 
thr>  gill-clefU,  which  appear  in  order  from  liefore  backwards,  in 
profutmdiy  coodilied.  The  month  is  a  large  oval  opeaitif^  ( Vig.  3G) 
placed,  not  on  tfao  rentral  surfnco,  but  on  thi.-  loft  aide  of  the 
|>har}-nx.  The  gill-slits  t»f  the  two  sides  appear,  not  simulta- 
nwiusly,  but  BacwMirt'ly  ;  those  of  the  left  eitie,  whirli  rnny  ba 
fc-nrn-vl  primary  slits,  being  fonnod  befora  those  of  the  right  side, 
er  sPcondarT  slits,  'llio  priiiian-  slit*,  of  which  there  are  as  a 
nilc  fourteen,  are  not  at  firat  on  the  l<i(l,  Bide,  bur  in  the  mid- 
vcutml  vvall  of  the  pharynx,  and  iihifV  upwards  »o  lu  to  actually 
lie  for  a  time  on  the  right  side  of  the  pharynx.  Tlie  stwondary 
ilila,  usually  eight  in  uumber,  appear  along  the  right  side  of  the 
phatyiix  domol  to  the  primary  slit«  (Fig.  38);  while  1«t.weeu 
till'  two  aorii^  of  gill-olits,  pritunr^*  an<1  mi-ondary,  tho  ondoetylo 
t(  formed  nt  the  .interior  end  of  tho  pharynx. 

During  the  Iat«r  stages  of  pelagic  life,  the  total  duration  of 
which  is  about  three  months,  this  curions  asymmetry  is 
gtadaally  rMrtified.  Tho  month  assumtfi  its  median  po<^ttiot], 
tlte  primary  gilltiUlja  abifl  ocron  thu  oivdiaii  line,  and  lake  up 
their  pemunettt  position  od  tLe  left  side  of  the  pharynx;  tho 
eiiiliiHtyle  dhiOsfrom  the  right  sidetothi-  mid-ventral  wall;  and, 
by  disappearance  of  some  of  the  primarj'  gill-slits,  the  number 
of  primary  and  of  scoondury  gill-alibf  bucumes  equaliw^,  eight 
being  proaeot  on  each  side  of  the  pharynx. 

At  the  close  of  the  pelagic  period,  which  may  bo  railed  the 
critical  stage,  tlie  young  Amphioxus,  now  about  3-5  mm.  in  length. 
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grudiially,  \>y  increase  in  the  namlier  of  the  gill-slits  and  in  other 
ways,  actjuires  thu  structure  and  size  of  tlie  fiilly  formed  animal. 

The  whole  developmentol  hiBtoiy  of  Amphioxiis  mxj,  in 
Bccordauce  wilL  Ihc  abo^'e  account,  be  comcuifiitly  dividi-dinto 
periods,  n-lucli  wlU  he  6caXt  with  in  Buconsaion  tn  tlie  remalndei- 
of  this  clinpttT. 

t.  The  Embryonic  Period :  including  the  Ktages  from  the  com- 
iii«nceuient  of  development  to  the  foruiutiou  of  tlit^  inouth.  This 
lasts  about  thirty-six  lioiirs,  and  is  characterised  by  the  extreme 
rnpidity  with  which  the  atst^s,  pspocinlly  Lho  «ftrUer  onea,  an 
pnesed  tbrongh ;  and  by  the  fiict  that  tlironghciut  the  period  the 
embryo  is  dependent  fornutniioii  on  the  yolk  granuleit  contwncd 
within  the  «ffff.  The  iictual  rate  of  development  Tarica  to  ft 
certain  extent  with  the  tnmperature.  Tiie  times  here  given  nre 
tbow  roc-ordeil  by  Willny  iluring  the  summer  monlhs  ;  in  spring. 
Hatachok  found  the  rate  of  devc'lopmeiit  to  be  ali>wer.  The 
puriod  may  be  inilKlivided  into  two  part*. 

I,  Before  hatching:  I'rom  tbo  comtncuccmcut  of  develop- 
mt^^t  lip  Lu  the  liulcliiiig.uf  the  i-nihryo :  ii  pertud  of  about  eight 
hours. 

3.  After  hatching  :  from  the  hatching  of  the  embr>'o  to  the 
formation  u\'  tUi^  mwifch  ;  n  piiri«d  of  about  twenty-eight  hoars, 
during  whirh  tba  embryo  leads  a  polngic  life. 

II.  The  larval  Period  :  from  tho  foi-mation  of  tin-  mouth  to 
the  critical  stage.  This  Inste  about  three  montJia,  and  during  it 
the  larva  is  pelade.  Devclopinpnt  i-akts  pl.iC(^  dowly;  and  tbt> 
tncuit  notable  evenla  are  the  formatioti  of  the  gil]>«lits  and  the 
atrial  cavity;  ntid  tlie  ourioita  series  of  cLangce  by  which  thi- 
Rvmmetrical  condition  of  the  larva  is  re-ostablitibed. 

lU.  The  Adolescent  Period :  dnrin<^  vrbtch  the  young  Am- 
phioxiiH,  hHviii;"  adopted  iht-  imnlc  of  Ijfo  of  Lhu  adult,  gradoally 
acijLiii'Vs  Jt«  full  structure,  by  increaae  in  the  number  of  the  gill- 
aUta.  riponiug-  of  the  repi*odiictive  organs.  &e. 


i 


I.  THE  EMBRYONIC  PERIOD. 


From  the  laying  of  Die  eggs  to  the  formation  of  the  mouth. 
Durntion  of  the  period,  from  thirty-two  to  thirty-six  hours. 

Port  I.  Prom  the  laying  of  the  e^gs  to  the  hatching  of  the 
embryo:  a  period  of  about  eight  huur^. 


ENBRrO>-lC  rEllIOD. 
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1.  Th«Egg. 

TbL-  ri|w  vgg  of  Atuphioxus  is  a  spherical  innsfl  of  proto- 
plMinir  O'lOiS  mm.  in  diameter  on  tlie  averaf^,  nnil  ioclosctl  in 
■n  elastic  vitelliDe  nipmbrano.  Tlio  protoplnsm  in  studded  witli 
DaiQpnins  yolk  grannies,  which  niv  eafBciently  opaque  to  hide 
thv  HocleuJi.  At  one  po!*-.  which  will  W  spoken  of  «»  the  uppt-r 
pol»,  thefe  ia  a  sUghtlr  flattened  ■patch  of  protoptftsni  conipAra- 
tively  frcir  from  yolk  pranuW  ;  mid  oti  the  top  uf  this  patch  ia 
a  abarply  defined  \xtUr  hody  Cl'ig.  11,  i,  i*b).  A  second  polar 
bcxly  ha»  not  been  seen. 

The  vitelUae  Diembraoe,  prior  to  fertiliBation,  adheres  closelv 
to  ihe  pgp. 

2.  FertiluatioiL 

The  nialv  Ainphioxus,  u  dottcrilxnl  itboTC  (p.  -M>),  sIimIh 
■pemutoKiiw  over  llii>  «gg*  ha  rhi.'.'«e  ore  laid  by  the  femnle  ; 
■nd  they  may  be  M<eD  ndhcring  in  numbens  to  (he  vitelline  naem- 
braueo.  The  details  of  fertihsatiou  have  not  been  atadied,  but 
•hortly  after  the  uperuuttosuii  gttiu  occeM  to  the  egg  the  vitelline 
ibrane,  which  [irevioush'  invtrsted  the  egg  dusely,  ^wtslls  up 
ipidly  by  imbibition  of  wuter,  »iid  becotut*^  separated  from  the 
by  u  coneiilernblt!  spticu ;  tlto  egg  ultimately  lying  in  the 
'vrntn  of  a  capenle  tbrve  or  four  times  itA  ovnt  diameter.  The 
pnipoM  of  this  sirellbg  up  of  llt(>  vitelline  menibmiie,  and  its 
»'paratioa  from  the  egg,  is  probably  to  prevent  the  entrance  ol 
other  spcrmatosoa  after  Ihe  rgg  Ium  i>ctfn  fertilised. 

3.  Ba^eotatioB. 

Thf  proMRi  of  segmentation  commences  nt  dusk,  ii«»ally 
about  8  r.u.,  and  is  comph't^-d  in  about  three  honm. 

The  fint  cleft  appears  about  an  hour  aft«r  tlm  eggi  tiro  laid 
aod  fcrtiUfied.  ltcommenceea«  a  dopre^ion  at  the  upper  pole  of 
ifae  egg,  chwe  to  llie  [xilarlxidy,  exteiuls  rapidly  acroRs  the  upper 
polu,  and Lhcu spi«ad-i  (|uickl Y  round  the  (^  uagrouro(Fig.  M, 
u).  Tbi'  groove  decpcus  rapidly,  l>eing always  moi-e  proniinenl  nt 
the  appL>r  than  the  lower  pole;  and  in  about  five  minutes  from 
its  tirat  Qppt-anuice  Iha  clefl  is  complr!t«d,  tlie  egg  being  divided 
hy  it  into  two  balv«j<  or  bl»(ttomeiv»  of  tHjual  size,  and  similar  in 
all  respects  save  for  the  preaeuco  of  tlii?  polar  body  on  the  apex 
uf  uoe  (if  tliem. 


SBQUEN'TATION  OF  TB&  £00.  o  1 

A  jNiiiae  of  about  an  liour  now  eiiaiioi,  aact  then  tlit<  second 
deft  is  fonned.  This  also  is  vertical,  but  in  a  pUne  at  rifi^t 
onxlea  to  Uil-  lirst ;  it  biaocts  each  of  tJie  tvfo  first  bladtomercis, 
and  no  gives  rise  to  fonr  equal  and  Bimilar  bliutoRierrs  (Fig.  14, 
111) ;  tbege  are  ovoid  in  sliitpe,  with  thoir  apposed  surfuces  slightly 
flatt^'ned  by  inatuni  pressure. 

The  thiril  cleft,  wbioU  «p|>wir*<  about  a  qiiarU'r  of  an  hour 
latn*.  is  a  lioHzontal  on^,  dividing  «ach  of  the  fnur  Uhi«tomi-[«s 
uf  the  previoiu  stage  into  two  (Fig.  14,  rv).  The  tli^tl  iaa  little 
above  the  equator,  w>  tliot  the  four  bluslomt-nM  of  the  upper  tier 
aiT>  a  little  nmnlkT  tbiin  those  of  the  lower  tier.  Tbtf  blastomeros 
arts  in  contact  with  uue  another  laterally,  but  do  uot  quite  meet 
along  the  axis  of  tlie  embi^o.  Ilonce  the  embryo  h  at  this 
•t4^^  in  till-  form  of  a  ring,  or  short  tubu,  with  n  ceutiii)  cavitv, 
the  ngneotation  cavity  or  blastoeccl.  which  at  prt>«<:'nt  is  open 
at  both  tho  upper  and  lower  |)o!es. 

About  a  quarter  of  an  hour  Istor,  the  number  of  the  bliuto- 
■uerea  is  again  duublecl  by  two  new  vertical  cleft.«,  which  appear 
siniultaiie<)ii)<ly,  in  planes  at  right  angles  tu  each  oilier,  and  at 
aogleeof  ix>-''  wttU  the  liraC  two  clefle.  The  embryo  now  conniets 
(Vig.  li,  V)  afBixteua  blaHomvrrs,  arranged  in  an  upper  tier  of 
night  mtlier  nnaller  ones,  and  a  lovrer  tier  of  ei^t  rather 
ones. 

A  lltUe  later,  about  three  hours  from  the  time  of  fertiliBa- 
Vion,  two  moTu  horizontal  clefts  npjiear  siiunltaneouily,  dividing 
eadi  of  the  tiers  into  two,  and  again  doubling  the  nomber  of  the 
b]iiatom«n«.  Theembryn  now  (Fig-  1-t,  vi)cooMSb)i  of  four  tiem, 
«tt^  of  eiglit  cells ;  \he  colls  of  the  low^t  tier,  as  aliotru  in  the 
6gare,  being  decidedly  larger  than  those  of  tJie  other  tien;.  The 
bbuboocel  (Fig.  14,  vi,  b)  still  op«ii«  to  the  ^xt«rio^  si  both  poles, 
although  the  apertures  are  connderabty  narrowed  by  approxi- 
mation I'f  th«  celU  of  tlw  upper  and  lower  tiers  reapeclivoly. 

In  thtf  next  stage  (Fig.  14,  vn)tbe  lowcat  tjer  of  bla.-toinere!i 
of  tko  precvding  fitngL^  lias  divided  borizontally,  giving  five  tier.s 
in  all ;  and  each  of  the  blastomerot  of  the  four  upper  tier«  hog 
divided  vcrlimliy  into  two.  The  embryo  now,  oa  shown  in  the 
Gjfurc,  cotmiata  of  five  tiers  of  blaatoniere»,  the  four  upper  of 
which  consist  Mch  of  (iixt«t>n  blastomercs,  while  the  lowest  tier 
eonsists  of  eight  much  larger  blastomAres.  The  larva  is  nearly 
^hericnl  in  sha|M>,  and  by  upprt^ximation  of  tho  blostouiurcs  of 
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tile  top  (ird   bottom   tiers  the  blastocccl   is  now  completely 
closed. 

From  tliia  time  the  l>Iaatomeres  coutinae  to  increaae  in 
uumbei-  hy  division,  but  in  less  rpfjiilnr  fashion  tlian  before,  eo 
that  t.he  Rrmngemeiit  in  tiBrs  aooti  bccouiL-s  lost :  the  bliutnnierwi 
lit  tbc  lower  pole,  however,  remain  throughout  of  larger  fUJA 
than  tbosi-  in  othor  purts  of  Ui«  embryo.  Tbo  polar  body  is 
oftt^n  visible,  resting  on  the  upp4?r  pole  of  the  egg,  but  it  bus 
somct  imca  iliaappeorecl  by  this  atage.  The  blaatomcn-s,  which 
have  hitherto  been  of  aoiiiewhat  irregular  shape,  rounded  nt 
their  out^r  uiu]  inner  ends,  luid  flattened  through  mutu&l  pr«s- 
snre  5t  their  sides,  now  begin  to  nsxuinu  more  deStiite  form ; 
and  from  this  at-nge,  wliicli  niarlcs  the  dosa  of  .logmentatJOD, 
they  may  ba  more  appropriately  epokea  of  se  calls. 

I.  The  Blastula. 

Tlie  embryo  liiis  now  reached  the  stage  to  which  the  namei 
blastnlft  i»  giren ;  a  stage  which  occurs  nt  correeponding  periods 
in  tltedevelopmeiit  of  a  iiiimbar  of  the  lower  nniunls,  and  which 
13  therefore  of  interest  tu-  possibly  ropr^seiit ing  a  very  early 
ontwatml  form  of  animal  life.  Pandorina  and  Volvos  are  exam- 
pleH  of  organisms  in  which  the  blaslula  stage  forms  the  adalt 
condition. 

The  blastula  (Fig.  14,  Vin)  is  a  uplierical  <ir  o%-oid  embryo, 
ronststing  of  a  singly  layer  of  cells,  inctosicg  a  central  segnien- 
tation  cavity  or  blaatoco'l,  filled  with  flnid.  In  the  blostulu  of 
Aniphioxas  the  cclbi  are  not  all  of  otjual  stxe,  those  of  the  lower 
half,  and  ej»p.'rinlly  those  at  the  lower  pole,  being  distinctly 
larger  than  thuat*  of  tlio  upper  bulf;  tlic  gR-atcr  siie  and  niore 
opaque  appearance  of  these  lower  cells  are  due  to  the  greAt«r 
quantity  of  j-olk  granulos  which  they  contain.  At  tirrt,  the  cells 
of  the  blaatula,  tliough  Batteninl  laterally  where  they  press 
iiguin»t  one  another,  remain  rounded  at  their  ends,  both  inner 
mid  outer.  'Ihese  ends,  however,  soon  become  flattened ;  and 
the  cells,  in  which  the  nnclei  are  now  clearly  visible,  acquire 
tlto  characters  of  columnar  epithelial  celle.  Theee  changes 
appear  firxt  at  the  up[>er  pole  of  the  embryo,  and  gnidually 
extend  to  the  lower  pole.  The  blastula  st^^  (I'^ipf-  14,  Vlll)  is 
readied  by  the  Amphioxus  embryo  at  about  the  end  of  the 
fourth  hour  from  the  time  of  fertilisation  of  the  eggs. 
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&.  Thfi  GutnUa. 

Ou  tb«  cxjinpletioii  or  the  blastula,  as  described  ubove,  tlie 

nmlliplicatioii  of  the  wWa  gcase«  ft>r  a  time,  a»d   llic  (.-mbiyo 

[vndergOMAgrpfttcbangdin  ehapo,  wh(M*Qby  it  becomes  converted 

linto  the  form  to  which  the  namp  paitmla.  is  given.    This  chunge 

.  brought  about  us  fotlonit. 

The  lower  surface  of  tho  bliiittiila,  canMsUng  oF  the  larger 
Jb,  becomes  Hatteiiod  (Fig.  1^,  ii),  and  then  infngiiiated  within 
upper  eurfaof  (Fig.  16).  The  embryo  thuA  becomes  ca[>- 
shftped,  ltd  wallM  ooasiittiiig  oP  two  lajrcr« :  mi  outer  Uyor,  E, 
fornifd  fpirtn  the  unginal  upper  part  of  the  blantula;  and  an 
inniT  layer,  It,  ooii»istin^r  of  the  iuvnf*inated  cells,  which  origioaliy 
formed  the  tower  pole  of  the  blastula. 


mi.  I&. 


Fid.  in. 


tiOM.  16  Mwl  1(1.— FoTuu lion  of  llic  tcwiinlB  of  Amphlcau.    Tht  croln^M  wa 
Ufeotfld   trttiralk,  c>n«  tuUf  alimo  bpiog  ictinwnied.      'SSO.     (Atler 

n^.  II.— FlailciiUitnf  ilMtgww  ptlauf  th>Nii>inUprl(«ii>lnT*((ua>lnn. 
ni.  II- -CuuwwIiMr  <Bn(ln*UaD  o4  Unlusrr  i*ltlatiirm  tlw  aHUvln^ 

BHHttMalurwvWHilMtMfBTll;.   ■,«!'>>>»*■   0>*>vb«t1*raaor  fHtrwwt.  BiIVT^MiM. 

Afl  the  mvngiiuttion  proceeds,  the  bWtocn;!  becomes  gradually 
duiliiitHhed  ill  size,  and  is  ultimat<-lv  completely  obliterated,  thu 
ittuer  and  outer  layers  of  Ibe  guntrula  coming  in  contact  with 
«aok  ottior  (Fig.  17,  B,  e). 

The  Iwrt  laycm  ofcellK  of  which  the  wnll  of  Ibft  gartriib  onn- 
dsto  an-  I  ho  two  primaiy  getminal  byera.  The  outer  layer  in 
wpcikeD  of  as  the  epibUut,  E,  aud  the  cells  of  which  it  consiats  are 
eallml  cptblaHt  cill^  :  tho  iiuicr  layer  is  the  hypoblast,  n,  and  itfi 
cells,  which  ori};in»lly  wt■n^  those  fomiing  the  lnn-t<r  half  of  the 
blaotuLo.  arc  called  hypoblast  celb. 

miR  cavity  of  the  cup,  formed  by  invagination  of  the  hypo- 
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bUftt,  is  cfil!«t1  the  Rrche&teron  <^r  gaatroeal.  a  :  it  gives  rise'  to 
the  greater  pari  uf  the  uliiiienUiry  aimCL  uf  i  lu-  Inna  nut]  adntl. 
The  inoBtli  of  the  cup  ia  called  the  blastopore;  it  is  at  first 
(Pig.  17)  a  v<?rj-  )?irgp  iipt-Hiirv,  but.  m  ihi-  Uli-r  ntngt^  bectimm 
grealJy  rednct^d  lu  nixe  (FigH.  1 8  and  1  If). 

Like  tlie  blaetula,  the  gustiiila  is  u  rerj*  widely  spread  em- 
hrjouic  form,  occurring  not  only  in  Vertebrates,  but  id  ji  simple  or 
modififtd  condition  in  cerlfliii  inombcra  of  eoch  of  tlie  irrpat  ^mjis 
of  Invrrtebratfs  aa  w«!I.  It  has  tberefon;,  like  thi-  bitutula. 
claim!!  to  be  regardinl  as  lUi  anceslnil  form ;  claiuio  wbicb  ai'e 
greatly  Btrengthcnorl  by  the  fact  that  some  uf  the  biui pier  »i]>oiij^'*. 
nnd  siome  of  th«  Ciplciitprates,  such  as  Hydra,  are  closL'ly  com- 
piirablo  uvvn  in  tlieir  sdult  condiUon  to  gnstrulos. 
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PliM.  IT  and  18.— Campletion  ul  tke  gndtruU  of  Anijihkoiiu  Tho  xinbr^oa 
aio  biMictod  TCrtloallr,  hucI  ona  lialf  only  uf  each  U  rcprritciiicd.  >  XSO. 
(Atler  aattobtk.) 

Fll-  ir.— ComiilMlM  fil  tilt  prnocw  nf  lnmlnMlaD.  hii.I  aiuMqunil  aMIimlbu  «t 
ilvrMlllK   B,  (pibiuu    a,  unlicmcroiiociokMruciiil.  Hi>i.vp->i>lait.  TC.  |i<>i  iwi 

lie  mechanical  caii»vs  that  k-ad  to  iavaginntioD,  t.#.  that 
acttinlly  occdslon  the  change  from  tht'  blaittula  to  th«>  gastrula 
condition,  arc  not  t-a»y  to  determine.  The  cjHblast  cells  appear 
to  take  no  part  in  tho.  proccas,  and  to  undergo  DO  appreciable- 
chnngeornltt'ration  during  it;  the  active  wils  in  th^  change  are 
the  hypuhlast  cflls.  By  coiiipariaon  of  Figs.  15,  10,  and  17,  it 
will  bo  seen  that  during  invugioation  there  is  an  increow  in  iJie 
number  of  the  hypobiast  colla ;  and  there  is  also,  which  is  not  so 
clearly  bniught  out  in  the  figures,  an  increase  in  the  actual  size 
of  the  individual  celU.  This  increaso  lo  size  is  perhaps  diiv  to 
the  colls  absorbing  the  fluid  of  the  blasiocoil ;  and  this  abttorption 
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oT  Qoid  mny  pt>r)iape  In*  one  of  th»  faotore  timt  determine  or  Aid 
tfae  process  of  inyaginatioD.  It  seotne  more  probabk-,  however, 
tltat  invagination  it  duv  rntlier  to  iniM|unlity  in  tlie  rates  of 
groorth  of  the  cc\U  at  diilerenl  parts,  than  to  direcb  presmre 
from  any  cbubo  on  Uk"  surrace  of  tlie  embryo. 

Tl»  later  etajfee  in  the  dcveiopmcnt  of  the  gnstrula  show  some 
CMturw  of  imporiAnoc.  At  ita  t-nrliect  furniittion,  as  sliown  in 
Fig.  I G,  t  he  axis  of  the  gast  j-ula  coincndea  with  that  of  the  blasitDin; 
and  the  l>la»tO]xire  or  (i^truU  uioutJi  is  circular  in  outline;. 
LAleron^aasbown  by  the  ciirofuf  obst-rvntionsof  Uatschek,  owtnjr 
to  aiieqtial  ntes  of  growth  in  diflirent  directions,  the  blastopore 
beoomeB  oval  instead  of  circular  in  outline,  and  the  Hliape  of  th<^ 
emlnyo  changes  (Fig.  18)  in  such  way  that  the  axis  of  the  ^a»tru]  ii 
no  longer  ooitieides  with  the  original  hxU  of  the  blastula,  but 
'  (bmis  a  considerablo  angle  with  this. 

At  till*  ata^  shown  in  Fig.  18  there  may  be  seen  at  tlic 
lower  lip  of  the  blastopore,  and  placed  one  on  each  side  of  the 
tnediaa  plane,  a  pmr  of  cells,  re,  which  differ  from  the  other 
hypoblast  cetU  in  their  larger  slice  and  more  rounded  fonn, 
and  to  having  vi-rj-  large  nuclei.  These  two  cells  give  ri*f 
at  a  1at«r  stage  to  importaiiL  [nrtions  of  Mie  middle  germinal 
la/er  or  moeoblaet :  they  may  be  named  the  polar  meHblaat 

The  furtlier  Hlagea  in  the  oompleUon  of  tlie  gantrnla  will  be 
rnndmilood  from  a  oompariMn  of  Tigi.  \S,  ir*,  and  20.  The 
Riibryo  elungatirii,  becoming  ovoid  or  egg-t4lin]>cd  :  nt  the  ssmo 
Iitn4>  the  blastopore  beoonieti  still  farther  reduced  in  Hixe;  tJie 
LDMTOwing  bebg  affecteid,  according  to  Halschek.  entirely  bj- 
powtfa  boctnrards  of  its  anterior  Up,  the  posterior  lip,  indicated 
by  th*  pair  of  polar  mcsoblaat  wlls,  remuining  quieeoent  through- 
oat  the  pri)eej(s. 

tu  the  fully  funutxl  gostrula  (Figs.  19  and  20),  the  ends  and 
■orAtoea  oT  tbe  larva  may  be  clearly  recognined.  The  polar 
jRMBoblast  eelli,  f  c.  mark  the  posterior  i>nd  nf  the  embryo :  the 
rlilMtopore,  B  r.  now  reduced  to  a  smalt  circular  operlurr,  lii-«  at 
ibn  binder  end  of  the  embryo,  and  slightly  on  the  dorsal  surface- 
'Vhf  antefior  end  of  the  embryo  is  rounded  «nd  imperforate. 
The  dorsal  aarface  is  Hattened,  and  is  ibrtlier  indicated  by  tbe 
blasCopon^ ;  while  the  veatral  surface  is  strongly  convex. 

If  &atw:hek  is  right  in  stating  tbat  the  narrowing  of  Iha 
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blastopore  IB  effected  entirelv  by  groirth  bac3cwanls  of  it« 
nntierior  lip,  then  it  is  erident  from  &  compArison  of  Figs,  17, 18, 
luid  19  thnt  the  blastopore  originally  occupies  almojit  tiie  wliolt* 
of  Kbjit  will  afterward*  be  the  (lor^al  furioco  of  th«  lana ; 
while  tlieoDt«ror  ooDcex  sarfaca  of  tlie  youog  ga«tmla  (Fig.  17) 
correepondH  to  the  ventral  surface,  »uil  [n^rbups  also  lo  the 
Boterior  cud  of  tbo  Ieitvu.  If  lliuac:  dcti^-niHuntinas  are  correct. 
Pigs,  lb,  Iti,  and  17  show  that  the  loiveT  pole  of  tlie  blfluHnln 
corresponds  tu  the  dorsul  surface  of  the  larva,  and  tba  upper 
pol(r  to  ita  venlT»l  surface. 

Hefore  learing  the  giLstruln  tJie  ct:\]$  of  the  tn-o  layers,  epi- 
bhi>i(  and  hypoblast,  should  be  noticed  more  fully.    1'\y.  epiblnst 


V 


LS'i*'* 


/ 


PC 


w 


ri6. 19. 


rut,  m 


FlOB,  1ft  and  SO.— The  (ally  tormcii  giuiruln  at  Ainphioxui. 
xno.     (After  Hatjchch  ) 

rlv-  ilt.—Tti-  luttiiU  hlircH-1  l-ra^t^»lly :  ilir  Mt  luiK  ■•  ivpiTamlt.1.  ■•  mi  (nm 

Ills  liincr  ■iill»i>'' 

l>l<.*lL~7li*iIulnilnlilu['i«l  liortioutBtl)- :  Ilm  vaptnl  liiiirin  iii|iii^«Ut.«i  w«ii 

fKmfttere. 

BjP.  UutopurK    O,  Hmliiiniiiniii.    FC.  I'llu'  intKinlant  dbH, 

{>'i(^.  19  and  20)  is  a  HiDgk  layer  of  very  short  colinnnar  or 
almost  cubical  tt-lla  ;  at  about  the  stage  pejinssented  by  Fig.  18 
the8t>  «i'll»  develop  on  tlioir  outer  Eiirfaces  itagella  or  laah- 
Iiki>  pToceeB<>H,  one  from  enoh  cell,  by  which  the  embiyo  iscaaaed 
to  rotBte  within  the  vilftliuo  mcmbrano.  Tliese  Uagelk  ppi-sist 
during  the  grcutor  part,  of  the  pelagic  exiitti'nce  of  the  embryo, 
but  aro  not  represented  in  the  figures  given  here. 

TlipL  bypoblftfit  is  a  single  layer  of  eionfjriit*d  columnar  celb, 
mth  niicloi  nenr  their  inner  ends.  At  the  lip  of  tlie  blosto* 
]wni  the  epiblast  and  liypdblrwt  ci'lls  tire  nect-Bsurily  continnous 
with  one  another  ;  in  the  mid-ventml  line  the  two  polar  meso- 
blast  cellit  runder  the  traueition  uii  ubnipt  one ;  but  nil  mund 
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tb«  ivst  c^tbi*  lip.  flDd  especially  at  iu  dorsulorantflrior  border, 
ihe  two  Uyers  pass  gndually  into  each  other.  In  tbe  figitreft 
this  transition  has,  for  diagi-acdmatic  parpostw,  bvcm  roprcsented 
u  an  abrupt  one. 

Tbe  fully  formud  gsstmla  Klagv,  st-co  id  Figs.  19  aod  20,  i» 
reocKed,  io  tlie  aumnier,  in  from  aeret)  to  eight  hours  irom  the 
tiia6  of  f«rtiIi8atioD  of  tho  eg^  In  th«  spring,  according  to 
HatBcheVs  ofattervationa,  the  time  t»lten  to  rcuch  the  satue  stage 
is  about  fourteen  Koiith.  A  compariaon  of  Figs.  14  and  VJ  will 
dbow  tlut'  th^  i^astrula,  though  of  <UB«rcnt  shftpc,  in  approxi- 
mately  the  sanie  size  as  the  egg  it«elf. 


6.  SeTrlopment  of  th«  Embryo  from  the  Completion  of  the  Oat- 
tnda  to  tbe  Time  of  Hatching. 

The  completion  of  the  j^'astrula  stage  is  followed  by  a  short 
Init'  welUmarkiHl  and  important  period  during  wliicb  the  rudi- 
meutM  of  the  netrous  eyntem,  of  tbe  body  cavity,  and  uf  the 
ootochord  aro  cistab1iHhi'<d,  and  at  the  close  of  which  tbt;  embryo 
vorka  its  iray  out  of  the  e^'g  mernlmne,  swims  to  the  surface  of 
ibe  water  by  means  of  tho  flflffelln  of  the  epiblnst  colls,  nnd 
bocomrs  a  fn>r  liviiii;  pelagic  animnl. 

During  tbiit  pi-riod  ii  incrcatv*  slightly  in  length  but  dimin- 
ishes in  breadth,  ao  that  at  the  time  of  batching  (Fig.  26)  it  is 
nlmut  twice  it»  long  an  it  is  wide.  Its  bulk  remninH  practically 
the  tuiuiu  as  bt-fort',  for  the  mouth  is  not  yet  formed,  and  tlie 
embryo  consi'miently  cuanot  obtain  food  from  without,  but  U  gtill 
dqiendeot  for  nonrishtnent  on  the  yolk  gmnnles  coutaioed  in 
the  cells,  morewpecially  iu  the  hypoblast  celU. 

The  nerroiu  system  is  formed  in  the  following  manner.  At 
tlic  time  of  completion  of  the  gastmlft  the  epiblost  is  slightly 
flattened  along  the  dorsal  sarface,  as  shown  in  Fig.  19,  anil  still 
beiter  in  the  trauaverse  oectiuti,  Fig.  21. 

Tliis  flattone>d  band  of  epibWt  now  becotnra  slightly  dc- 
presBtfd,  And  at  tbe  same  time  heconien  marked  otf  along  its 
fidra  from  tbn  lutoral  cpiblast  (Fig.  22,  M>).  Tbe  lines  o€ 
demarcation  are-  at  first  indicated  by  slight  modifications  in  tho 
shape  and  arrangement  of  the  colh,  but  soon  become  mure  pro- 
noaaoed,  the  lodges  of  the  lateral  plates  of  epibloftt  overlapping 
the  central  depreaacd  plate  (fig.  23),  and  ultimntoty  meeting 
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cflch  otlitT  ill  the  median  plane  so  ae  to  completely  oorer  over 
the  centrril  jiUte  (Pig.  21). 

The  central  plal«  of  epiljlast.  which  thus  becomeB  rooM' 
over,  is  Bjioken  of  as  the  neural  plate  (Figs.  2"J-2t,  bt),  and 
IjRCOtnes  converted,  Inter  on,  into  thu  control  nervous  FyBtom, 
By  longitudinal  folding  of  the  neural  pUte  a  groore  is  formed 
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Vtaa.  3t  to  21.— TmnBvcrae  wcliuna  aoroNt  tbfl  bodi«a  of  AcipbiflxtiN  eiiil: 

■bowiDK  <')>°  qxkIu  of  foipiiiitfvii'  uf  ihe  nvrvoiu  syatain  and  of  tbe  maO' 

blioti^i  onmitua.     >^  -ISO.    (After  Uatscliek.) 

?Li.  D 1 ,  -  Tnumcrw  WictliiQ  loroii  IbAiiilildlrAf  t^r  tiw>k  aI  iin  emlirjoal  Ux  i 
ten  »•  Itvoip  kIiowii  In  Vif.  IV  Uld  )U.    rif.  ):t.~Tnriit«riv  HH'llun  unwi  ■  illg 
iitik't  piLlirvn.  irlUi  tiiin  fitlr  ul  inaahlutlc  xnnllH^  wiU  <MiiiiiuPiirtii«  nvrvoiu  i . 
Ftis.  13.  -I'niurcru  kcUoD  ■(*•<■  tin  inme  tnibrj-i  »  Ir'IB.  fi.  bgt  Mkdi  rkUwr  Inr 
lMrk.l'.<-t«'4^»l<  pihulriif  tl«a^hUlVmM<Il4.nf  tftpTlrxr  liHirnf  4iilrkltr<    l*k£.  M.— 1 
Trrw-'^ti^ii  bhm]]iiIiH»»ml>ryoBtUla  liiiic  uf  Iihf<^lilrrj/i<'.  F^ifjLS3Mtii34l:  titr  tt^tSe^ti 
pm^^  t}ih.»aijj|i  ll><i  iiktrLLIr  vf  iLf  Ar»t  t>ilirof  ul<-«ci1ilA>tli.  HiniUot,  Hfi*!  M14W*  aIV  Ui« 
mi'Imr  {<iruiBt!.iii  .^t  ttiv  nriirnl  lnix.     CE.  f nUrwitJ  br  TtmoliluUo  ■ciull*.    Kt^A- 
liUil.    Q.  uvtinitrmtj.    H.  ■<)'iuti)aat.    in*,i>niralli^    BTP.  nnin)  plale. 


alotif?  it*  upper  surffice,  mid  this  groove,  whfln  po(>ft>d  ovpi*  by  tli« 

lateral  platra  or  neural  foldB,  L)c>ctiint»  tbo  netiral  canal  (Fif^.  21). 

Tlie  neural  plato  ext«nd8  back  to  the  bla.-<to|M)re.  which,  as 

alreadj  described,  is  ritnotcd  on  the  dorsal  surface  of  the  hiader 
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rud  of  the  embryo  (Fip.  19,  up).  Tlie  lateral  platee,  or  neural 
folds,  of  the  epiblast  extend  not  ni^reJy  along  the  edges  uf  iJjc 
neuriLl  plate,  1>ut  round  the  tsidi-s  and  posterior  lip  of  the  blasto- 
fOK  as  well ;  and  by  ttieir  fusion  in  the  in^^ion  plnnc  the 
Uutopon  becomes  roofed  over,  so  that  it  uo  longt^r  oppnit 
directly  to  the  i>xtorior,  but  into  tbe  lundtr  end  of  the  iieunil 
cmnai  (rf.  Figv.  19  iind  25).  The  blntitopore  thus  forms  n  cliort 
tabular  channel  of  ooinniunicaiion  Itetween  thf^  neura)  canal  and 
the  arclienteroa,  and  to  this  chauuel  the  uauie  nearesteric  canal 
ia  giren  (Kg.  25,  NT). 

It  is  n  curious  fact,  and  one  the  full  tnenning  of  nliich  ia 
not  yet  drtt-nnincd,  tbut  for  u  time  th«  aolu  communicntiou 
between  ihe  arcbentemn,  or  primitive  alimcutarT,-  cnnal,  and  the 
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flO*.  39  mkI  Wi.— Ampbloxa*  rralir^ua  nt  iba  tiaiv  of  liaU^lny.     >  StO, 
(Afi»  HniKboh.) 

Flf.  tL— n*  tmlwjo  blirpl^  »itl<«llT :  tb»  Irti  Ml  li  MMMDUd.  u  «*n  trtm 
tb>  tnwr  ■mfhM.  Tit.  9(.~-T1*  milirxa  H**ou4  ImrUniiullr :  U"  miinU  !■'!  !• 
niirmilrU,  M  ■*>  Enn  •Istc  CSL  uiUMitai  is  mrwtilMUc  ■iinUe.  XL  itJMwt. 
O.HTWnMM*.   S.hn'vW***'    117.  nniral  Felii.  HT.  <Hi'M>i''M«wwt>  POLvvkv 
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extnior  slionld  b«  through  the  coiiti-ol  canal  of  the  nervous  nystem. 
Kotnlevtiky.  who  ditcorered  the  ncui«at«ric  canal  in  Aiuphifxus 
ud  in  the  Ascidiaiia,  suggested  tliat  th««e  trelat  ions  may  possibly 
be  aneeetral.nnd  tLat  animals mny  biiV(>oxist(^'d.  or  tnay  still  oxi«t, 
in  which  the  nerve-tube  fultilled  n  nnn-nei-vouH  function,  and 
pouibly  ontpd  as  part  of  tho  alimmtan-  canal.  Comparative 
anatomy  has  not  at  present,  however,  given  any  support  to 
this  raggeet ion. 

Tiw  closure  of  tJic  neural  tubf ,  by  meeting  and  fnaJon  of  the 
npornl  folds,  proceeds  from  bt-liind  forward*,  so  that  n  section 
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through  the  posterior  part  of  an  embryo  (Fig.  23)  will  show  a  more 
ndvnnoed  stnj^  in  tht;  rorniatton  of  the  nervous  system  than  one 
taken  tlimugh  the  same  embryo  nearer  its  ft-ntftrior  end  (Fig.  22). 

At  the  time  of  hatching  (Fig.  25).  the  closure  of  the  neural 
tube  is  completed  niong  about  a  tlilrd  of  tlio  length  of  tiie 
fmbrvo;  tin-  anterior  openinfr  of  (he  tube,  just  iu  front  of  tiie 
rert>r«!iicp  lint!  nf  iii  the  figure,  is  spoken  of  as  the  neuropOK. 

The  mesoblastic  somites.  During  the;  formation  of  the  neural 
cannl  impoi+«iit  changes  1iik<.'  plfic-  in  the  hyprthtiutt.  Tbt* 
llntt^ning  of  the  dorsal  surface  of  the  embryo  at  the  (.-ompltfltoti  ^ 
of  the  gostruia  stnge  uITl'cI^  the  hypoblast  as  well  as  the  epibtast^H 
('"/■  ^'^fP-  ^^  """^  "0-  '^  '''"^  neural  plate  becomes  miirkcd  ott 
and  dcpresned,  a  pair  of  longitudinal  folds  of  the  wall  of  the 
arclienteroii  are  fonned,  one  along  each  side,  in  the  angle 
between  its  dorsal  and  lateral  walla  (Figs.  22  »nd  23,  CE),  Theee 
folds  are  at  first  vciy  incotiepicuoitE,  but  rapidly  become  moiv 
ppominent,  and  egpocially  no  about  thfi  time  of  ctoHure  of  the 
neural  lauul  (Fig.  24,  ce). 

By  tlie  furtuatioii  of  these  folds  the  archeiiteron  Wcoines 
divided  into  thrt-L*  portions:  a  central  division  (Fig.  2-t,  u),  which 
IB  the  alimentary  canal  itself,  and  a  pair  of  lateral  slit-like 
diverticulii  (Fig.  2-t,  ce),  which  may  Vie  tertimd  ent«rocaelic 
cavities,  and  which  later  on  give  rise  to  the  body  cavity  or 
ca-tom  of  the  adult. 

The  cells  composing  the  walls  of  these  folds  arccl««rly  of  bypo- 
bla»tic  origin.  In  the  later  atage.*  {cf.  Figs.  27,  28.  and  2f), 
they  Separate  completely  from  the  wall  of  the  alimentary  csiwl, 
and  are  then  s])nken  of  as  Ibrniing  a  third  gprniinal  layer,  or 
mesobbut,  nitunlod  between  the  twu  primary  layers,  ejilblastand 
hypoblast. 

The  mesoblastic  folds  extend  the  whole  length  oftheembrvo; 
they  are  luoat  prominent  near  its  anterior  ond,  and  gradually 
diuiinitth  pomteriorly,  becoming  continuous  at  their  hinder  ends 
with  the  two  large  iK)lar  mesoblaet  cellii  (l^tga.  25  and  20,  pe), 
wliicli  have  already  been  deacribed  a&  present  in  the  poalerior 
lip  of  the  gastrulafrom  an  early  etage  in  its  formation  (Kg.  18). 

Soon  nfler  their  appeamnce,  the  mesoblastic  folds  become 
dividetl  by  transvereo  coniitrictiouri  into  ac'gizients  or  compart- 
mcnt«,  tiie  mesoblastic  somites,  arranged  iu  piura  along  tlie  sides 
of  the  embryo.     The  anterior  pair  of  Bomites,  which  are  the  6rst 
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■t»  i»  formed,  lie  a  little  way  bebind  tho  nntonor  oni)  of  tbo 
ttabiyOt  and  the  remaining  bnee  am  rontiml  in  Huccessioii  rrotn 
befbre  bsdcwards  as  the  embryo  iscKaeea  id  length  ;  at  the  tjmo 
orhatcbiiig,  Iwu  pnin  of  nie»obIrMtic  ]tomit««  are  usually  pru«#iifc 
(Pigs.  2lBiid26,  CE). 

The  BOtochord.  ITie  roof  of  the  archenteron,  betwwn  the 
neeobla^ic  folds,  is  forni(>d  W  a  band  of  byprilitaat  cf\\»  iy'tn^ 
imtocAiMU'ly  belon-  thp  npurnl  plalo.  mid  in  clo«c  c'onlnct  with 
this  (Figs.  21  to  2i).  The-  cells  composing;  thiH  band,  up  to  the 
time  cf  batchinff,  differ  little  if  at  all  from  th«  liyjmblaxt  cells  of 
tke  aidea  or  Hour  of  the  nrcbent^ron  ;  btit  I'hortly  aJI-cr  Ibf  timvof 
hatching,  they  andei^  chnngis  and  bc<:oDie  converh>d  into  Ihe 
oalocbonl.  thL-mostiinponanl  purl  "ftb^HkuJiitoutif  Amphioxuii. 

Ooaditioii  of  tbs  •mbryo  at  hatching.  At  the  time  of  liatcfaing, 
which  occurs  about  eight  boora  after  ft>rlilisatifin  of  the  rf^,  the 
enbiTO  (Figs.  25  and  26)  is  ovoid  in  forTn,alHinttwln>  uniting na 
Hifl  wide,  asid  tn  bulk  about  e(|ual  to  t{i«>  egg  tmtti  ivliich  it  waa 
developed  {ef.  Fig.  14,  i)-  l^*^  epiblast  is  a  BiDgle  htyer  of  ebort, 
ahaoat  cubtcnl  cIIh,  vach  of  which  lH'«rs  a  single  flsgellutn,  hy 
whkh  th«  Hwirnuiing  of  tbe  eiubr^-o  in  ■•fli>ct«d.  Thv  neural 
eanal  ia  ixofed  in  for  about  the  hinder  third  of  it«  lirnglhi  in 
EtDDl  it  oppns  to  the  exterinr  by  a  rather  iviile  apertorr,  the 
Deosopote;  posteriorly,  the  neural  csnat  communicatva  with  the 
aickentcvoo  Ihroagh  the  ceurenteric  canal,  the  IbrmtTr  btn«to|K>re. 
The  metoblaatic  folds  an.*  present,  and  twu  pain  of  iniwtblaatie 
Kodtca  are  alrady  oooatricted  off  from  ibrir  anterior  ends. 

ItB mediately  afW  worictag  it«  way  oat  of  tbo  rgg  inemb«»Q« 
the  tsibryo  awitna  to  the  snrfaee  of  tlie  water,  and  eolen  on  the 
part  of  Che  embryoiue  period. 


Tart  n.  Freai  the  hatching  of  the  embryo  te  the  fomatioa  of 
tka  aMtk:  a  period  lasliiig  ln>ui  about  [n-enty-four  to  twenty- 
eigkt  boar*  t<f.  p.  48>. 

The  Uier  itagae  oTanbryoaic  derelopnent  omnrt  cbiefty  in 
farther  AJbc^tHno  cX  the  organ*  whtdi  are  alrt-ady  mtablivbed 
aK  A»  cbne  of  hatching.  Tbi>  oemwa  tyitem  bt«uin«-<  mora 
:;  the  meaoblaetie  ntnitca  ipdvaei-  vonaiilerably  in 
aad  oado^  impoftaiit  change*  wherdiy  thr  mnacalar 
■jaletna  are  tamtA;  the  BOtodurd  ia  dv^nitel* 
;  aod  at  tbr  doee  of  the  period  the  mooth  and  flras 
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(fUl-blil  aro  formt'd.  The  eiiibiyo  plongate*  %-erj-  rapiilly.  ami 
beconiiiig  inucli  naiTower  and  morb  rfcuder,  pra^wally  acquires 
n  slinpe  antl  proportions  rfsrmhliriK  tliose  of  tho  adult.  During 
tho  wholu  peri<id  the  ptnliryo  is  pelagic  :  swimming  is  efFBct«d 
at  first  by  tilt!  Hagt'Ua  clotbiiig  the  soi-Tace,  bat  lotvunls  tlie  do*- 
of  tlie  period  the  rnusclee  <jf  tho  body-walU  become  dpfinitolj- 
Wftoblinhod,  (ind  the  young  AtapluoxoB  swims  by  means  of 
muticuhir  contractions,  like  the  sdnlt. 

Although  there  is  a  great  increase  in  lengtli  during  thp 
period,  tliero  Ik  littli;  if  Jiny  change  in  bnlk,  and  it  i3  doubtful 
whether  the  embryo  obtains  any  food  from  without  until  Uie 
formation  of  the  mouth  «t  the  close  of  the  prridd. 
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Fic  27.— AiDpbioiDt  ombrro  shortly  dftcr  hat«biii»,  wiiU  live  pain  of  nsMD' 
blanlic  nomiles;  xcca  in  optioBi  xootloo  fTom  tho  rl^t  nidn.  x  S34 
(After  Hawchek) 

NT,  iir(in>iit-n>^  '■»ii4it.    PC  poltr  ui'tKibLut  wU.  BL.  Ilr;l  uiuKibluik'  luiiitlc  i4  llllit 

In  dealing  with  tliis  period  in  the  developmental  history  it 
will  be  coiivenieut  to  describe  tlie  several  systems  one  by  one. 

1.  The  Nervous  Syatem. 

After  hatching  of  the  eoibryo,  t.h«  closure  of  the  neural  canal, 
by  fusion  of  the  neural  folris.  pruceeds  rapidly  forwards  (Figa. 
2&  and  27j,  and  soon  reacliea  the  anterior  Ijonler  of  the  first  somite, 
beyond  which  h-vel  the  nervous  system  ihx-s  not  extend. 

From  themodoof  its  formation  (Fip;.  23,  24, 20, and  27),  the 
nom-al  canal  is,  in  it»  early  atagi-s,  tnttri'iy  the  »ptu!«  brtween  the 
neui-al  plat*  and  tho  overlapping  lateral  pUtes  of  epibluat,  and 
has  at  first  no  imlependent  roof  of  il8  own.  Th*.  «inal  is  at 
fint  wide  from  wdc  to  siJe,  but  shallow  domo-ventrally. 
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In  tile  Inter  Elii|fps  the  neural  canal  dp«periiH,  oiriafjf  tn 
longitDdinal  folding  <if  tlin  neiiml  plnte;  at  tlio  Minio  titac 
the  cells  ttt  the  free  niBixins  of  the  pliitc  grow  in  townrds  one 
•notliiT  from  thf  two  sides,  and  mestinjf  in  tlie  ni«d!iia  plam> 
complete  the  wftll  of  the  n<:iirftl  mnftl  (Fi^.  32). 

Tlie  nervoas  Rystfin  is  how  a  tube  (Figs.  30  and  33),  witli 
proper  walls  of  its  ovru,  exteodiog  along  the  d'jrsal  surface  of  tlii* 
rahryo.  It  opens  in  front  to  the  exterior,  at  the  aeuroporp,  op- 
paml€' Ihp  Ulterior  border  of  the  fin>t  somite;  nod  itconiinumcnt«^ 
pr»teriorly  with  thr  archcnt^-ron,  through  the  neiirenferic  cuuil. 
Tlif  wall  of  tlip  tube  coiisisti  of  a  singli^  Injer  of  cells,  which 
bnr  flngella  at  th^r  inoor  ends. 

Thi-  anterior  end  of  thn  noumi  tube,  cloM  to  the  nenropore, 
baa.  almost  Iroin  iht.*  fir«t,  thicker  wnlU  iJiun  the  re&t  of  the 
lab«.  TbU  thickMiiog,  which  afFecta  especially  thu  Tcatral 
wnll  of  thi"  Itilw  (t'ig,  tt3),  becomes  much  inort-  trnirlcpd  in 
the  iaicTstsgefi;  partly  owing  to  actual  increaee  in  Iho  tbick- 
neas  of  thv  wall  itself;  and  prirtly  to  a  gimt  diminution  in 
tbe  dianiet«*r  of  the  hinder  part  of  the  tnljf,  as  tho  embrj-o 
Ivooines  dniwa  out  into  the  elongated  form  characteristic  of  tbe 
tatn*  larval  condition. 

In  the  vrntral  wall  of  the  neural  lube,  opprigil«>  the  fifth 
pair  of  Noniitr'S,  a  blairlt  pigment  sprtt,  possibly  a  senne  organ, 
appear*  at  about  the  stage  represented  in  Fig.  33  ;  and 
much  later,  towanle  thft  cad  of  the  embryonic  period,  another 
pigment  spot,  the  eye.  is  formed  in  the  unlerior  wall  of  the 
brain  Bwelling  (ef.  Yig.  50). 


3.  The  Kot«ohord. 

The  Qotocbord  is  developed,  as  already  noticed,  tVom  the  band 
of  hy[K>blastcrllB  which  forma  the  dorsal  wall  of  the  arcbentcrun, 
and  1i«a  between  the  two  lateral  mefoblnst  folds. 

Its  <«rii«t  appenrnnce  ns  n  distinct  stmcture  is  Keen  in  a 
larva  with  thn-e  pairs  of  eomit^s,  i.e.  immediately  after  the 
tune  of  luitching ;  and  the  sncoesaive  stages  in  its  formatioa 
are  thown  in  Figs.  28,  21),  and  32,  ai, 

Thu  ntedian  platu  of  hypoblaNt  cfIU,  fonning  the  roof  of  the 
anboatcrOQ,  Gnt  becomes  marked  off,  by  a  difference  in  mode  of 
arrangement  of  the  cells,  from  the  lateral  mesohlast  fuldi*,  end 
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then  KTOovoJ  ventrally  iklnn^  the  inpdiBii  plnrip  (T'iR.  28),  The 
VL-ntral  grrxivr  ilwipcns,  aud  at  a  stagu  witli  fivo  pair^  of  tni'so- 
bbiatic  a[OFnite;i  tlie  plate  h  coinpletety  folded  on  it^lf,  eo  thnt 
itfi  two  lialvee  ar^  in  contact  with  each  other.  The  cells  of  die 
two  halves  now  begin  to  fpxiw  across  tlin  median  plane,  inter- 
dt^totiiig  with  onr>  nnothc^r  (Fig.  29,  en),  and  Ibrming  &  eolid 
ridge  of  celln  along  tlie  mid-doi'sal  surface  of  tbtt  nrclieatermi. 
At  H  glightiy  int^M'  stngo,  willi  night  or  niuti  pairs  of  mi>6ob]astJe 
somites,  this  rtdgo  l^'gins  tn  B(^pa]-ntc>  from  the  gilt  wall  aa  a 
cylindricii.1  rml  of  culls,  thu  uotoctionl  (Fig,  32,  CH). 

Behind  the  tirat  somite,  i.^.  along  the  greater  part  of  it 
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t1i;!t.  SS  and  29.— Tnuisvene  MCtlons  Itmxmh  Amphigzui  omtuyoe  i 
attet  (he  flmeof  halcblng:  •boning  ■tit^is  in  the  fonDntimi  <h  Umi 
chord  aaii  tneaohiagtic  aoniitm.     x  43S.    (After  HnUebnlt.) 

fig.  IK  -KntlHjn  Tlth  Sni  patn  of  wmltn :  tniiXEiw  iKiclnii  ilirooiih  (br  nid 
nt  ihf  arA  T>n1r^    rig.tt.—Kin^iyo  iritUjrt*  pain  vl  vomLtw  :  td.ii'T'nvflKitkiDlhrngh  ^ 
rlkt<   lilnitpr  «nii   vi   tin*  (lr*t   jtdr.     OEL  pmnroQisUD   ipuurli   c»r   nmolilbBUir  •oiBtM, 
OH-   wilAcbDnl.    Q.  vuluiatucvn.     US.  iuhuUuiIc  •ooijIc.      HO.  uwnl  ciuul. 
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length,  the  uotuchord  dev^'lops  frtuti  before  IjHckwapda,  Op- 
posite the  first  8omit«  the  notochorri  forms  nioro  s*low!y,  and  is 
always  a  little  behind  the  atogv  renc)i(.-d  in  tho  :s(^«ond  »>tnit«. 
In  front  of  tlie  first  aotnite  the  ni>toc}iord  is  developed  from  Ikv 
hintl  forwarda,  hut  oUierwise  iii  the  same  tuaniiiT  us  in  the  hinder 
part,  though  much  more  slowly ;  towards  the  close  of  the  em- 
bryonic in-ridd,  (it  thi*  tiiiii;  whi^n  tlie  j)oint.<'d  unk-riorpnd  oftlld 
irdBml  JB  foruiiug,  it  grows  much  mom  rajiidly  (Fig.  33).  Th»-, 
latr  development  of  the  anterior  end  of  tlie  nobochord  will 
reFerrvd  to  ngain  further  on. 
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Opptwito  tlip  nourapore,  luid  corrc'spooOiD^  to  the  marked 
ihickf^in^  in  ihc  ventrsl  vmll  of  the  iiearal  tobn  olmdv 
describ(«J,  there  is  a  cliiiiinct  briidingof  thcnotochord  (Fig.  38), 
tno.'S  of  wlii«h  pi'i'stsl.  even  in  the  adult  animal. 

Tbt^  biHrological  di-velopmenl  of  i\ie  notocliord  pTenents  some 
f«atan>Kof  iiit(:n.-«t.     Tim  int«nIigitntion  ofthL'  cellH  of  tJic  twn 

r  nditB.  the  commencement  of  which  h  shriwn  in  Vig.  29.  proceeds 
npidty;  and,  st  the  time  of  its  separation  from  the  gut,  the 
notocbord  conEists  (Pig.  32)  of  four  or  five  rowp  of  ccIIb. 
»muig<ed  lifirimxitsttir  •»■''  ahove  nnothtrr,  each  ci.-ll  extending 
Bcnxs  thL>  n-lwld  of  its  width.  Witliiii  tlti-  iiotochnrdal  ceWn 
namerous  ■amntt  vacuol«s  now  api^eiir;  these  vacuole?  are,  fiYim 
tbe  Snt.f  m(wt  nbaiidaiit  in  the  tn-o  mtddip  rows  of  ct.'lW,  and  in 

^  these  they  tncrenfte  grently  in  ai^e  ;  so  that  in  itii  later  slngeH.  kb 
in  the  adult,  thr  notiichard  consists  of  a  middle  series  of  celle, 
enormousty  distcoded  by  vacuoles,  aud  covered  on  its  dorsal  and 
ventml  surfaces   by  rows  of  eualler  oud  comparatively  little> 

;iuMlifi<<d  cells. 

3.  Tlw  KenbUstic  SomitM. 

Th*>  tni-eobliLfitie  ridgeii.  as  described  above,  are  a  pair  of 
longitudinal  folda  of  the  doreo-lateral  wallK  of  the  Rvcb-ntcron, 
irtcli^ing  ulit'like  (livertJoiilu  nf  the  archenteric  cavity  (Fig8. 
2Q,  28).  By  Iramiverae  ooiistrictioaa  theea  ridgi>>;  become 
liTidad  into  Bomites,  which,  thougli  separated  from  one  anotli'er 
tbo  ootiitrktionH,  si  ill  i-utniu  for  a  time  th«-tr  commiiiii- 
ntions  witli  tlia  arclienlwroti  (Figx.  27,  28). 

At  the  timi*   nf  batcbing,  two  paim  of  these   MuniteK  are 
it;  and,  m  the  enlnTO  eh«»gates,  other  paii-s  are  added  in 
xina   from  Ix-foi-e    backwards,    the   nmuber   of    paint   of 
'  somjtea  pttn^'iit  afliirdiiig  a  convenient  ba«is  for  estimating  the 
agftoTan  enibiyn  (Figs.  27,  yo,  HH). 

The  aiitrrinr  fnmite»,  which  are  i\w  first,  fomiod,  are  also 
the  Inrgeflt,  nnd  llie  remainder  decrease  in  Mr.c  towards  the 
hinder  end  of  tin*  embryo  (Figs.  27,  30) ;  the  hindmoit  pair 
paanng  into  the,  aa  yet,  nuscgmeated  mesohlast  folds,  which 
etui   poetcriurly  in    tho   two   pohir  meMohWt   cells  (Pig«.    30. 

ai,  PC). 

At  a  ttnge  when  six  poire  of  )>omitP8  are  pn*»ent,  tho 
caritips  of  the  aoterior  ones  become  constricted  off  from  the 
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archeiiterou,  and  separate  completely  from  this  (Fig.  29'].  Tliia 
separation  rapidly  extends  backwards,  involving  tlie  hinder 
«oniitv-M  in  succession  ;  iiml  tW  MHiiiti't*  now  form  (Pig*.  27,  29) 
a  series  of  stjuari^h  hollow  bodies,  arrangi'd  in  a  row  along  each 
eide  of  1  lie  euibrjo,  at  tbe  level  of  the  uotochonl. 

The  eomitf-s  ar^  at  Gret  sniull,  nud  lii^^  idiovit  or  Jor«8l  to  (!><• 
alimeiitniy  ainnl  (Fig.  29) ;  hut  tliey  mpidly  inerea^e  in  size, 
and,  extending  v't-ntiftlwards  (Figs.  30  and  32).  make  Ibeii'  «-ay 
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Fi«.  31. 


VlO*.  30  an<l  Sl.—Anitihioiiii!  emlirsiiK  wit.h  ninp  jnirs  of  atoobliuttic 
*uinil«>.      K23t.     (A(t«(  IlnUehok.) 

FlK' lO-^Kiu  liiTu  Rvii  In  oiillnil  mllDn  (rum  ilu  rlvlit  il'kr.    I'l(.  11.— Bmlirin  Km 

KUt  JlwrlluTlluru.  DB,rlKl.l  nolcrlOr  mit  ilLM-rHfulilIii.  MR.  imiPij.u™,  KT.  InTlr- 
ri>1cfiv  OdfinL  PC  {.Jlur  iiir4blA«i  V4li,  81.  nrrt  iiiiv>MtiAEk«  tuiiJt^  nC  r^c  right  »l«lfv 
B\  uiiitli  birMliluIloHiuitcoltbe  rlslitaiW.    T.  nirvnlmin. 

round  thi;  Bides  of  tlio  cmbrj-o,  between  the  gut  wall  and  the 
estenial  epiblaal-,  uUInial  ely  reaching  llic  inid-vuntrul  line,  where 
the  somites  of  the  right  and  left  aides  of  the  body  becoma 
continnous  with  one  another. 

During  their  varlier  stages  (Figs.  27,  30),  the  long  axes  of 
the  somites  lie  tmnavereely,  or  ellglitly  obliqutily  to  the  axis  of 
the  embryo;  but  towards  the  close  of  the  embryonic  period 
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fiSp.  33)  they  aeqnire  tlio  >-Iike  shape  sn  char«ct*ri«tic  of  U>e 
adult  (Hg.  11.  X). 

Tbc  walls  of  the  aoniitee  soon  untlui-go  important  changes. 
At  U]«  time  of  sepnrotiuu  from  tJio  atvlient^ron  (l^ff-  20,  ms), 
iha  wall   of  each  iwinile  con-tisls  of  n  single  layer  of  calls, 
wroowhat  irrcgalur  in  sliapo  and  size,  bat  showing  no  murkt^d 
diflerenc«»  in  difTererit  pnrtci.     As  the  wcniU'M  oxtctul  dovra  iho 
fltdc*  of  tht>  body  th*y  become 
fompwhst'  tainngulftr  in  tran^ 
wrac  wctioD.     In  vatih  sotnito 
thePe  may  now  be  diatin^iuHbi-il 
(Ttg.   32)  an  ooter  or  parietal 
VBll.iit-\l  tlit^extfTiinl  opiljlaal;  a 
TlMCnU  wall,  iiicontarf.  with  tlie 
hrpobliuit   of   the  nrchenteron ; 
and  «  notoehordal  vail,  foi-ming 
the  imme-  of  llii'  lnuiig1<-,  aiiiI  in 
contact  with  thi>  notocbortl  and 
the  nrrwoord.    The  cells  of  the 
panotat  and  rieccral  wulln  art* 
aliglitly  fialt«ned,  but  ehow  no 
»p)><Halp<.><taliimlJe«;  thoseofthe 
notocbordal  wall,  (si   thr  otlRT 
bandf    show    niark<!d    chaiige^. 
Each  cell  (tig.  32,  ml)  is  iniicli  flatt^-ned  dorso- vent  rally,  and 
«longat«d   in  a  dii-Pctioii  pamllel  to  ihe  axis  of  tlin  embryo 
(Fig.  31) ;  and  is  andt-rgoiiig  chang«)<  by  which  it  Iwcoincu  con- 
vorU>il  into  a  rooscle  c«ll  or  tibre.    lliifl  diSen^ntiation  of  mmclfi 
evils  iKfgiits  at  a  stage  with  about  nine  pair  of  somites,  and 
procvetU  ra[>idly  j  the  muFclee,  at  a  »tagc  with  eleven  paura  of 
soDiitcs,  beginning  to  contrnot  uiid  canine  Iat«'ral  iiM<{uIationB  of 
tlii3  l)ody.     Thi>  miLBs  of  muscle  celU.  rorniiHl  in  tills  way  by 
modiScoliun  uf  th<>  notoehordal  wall  of  a  somite,  ia  culled  n 
nyotone:  the  myotomes,  ixing  fomivil  from  the  somites,  are, 
Itkd  ihaee,  arrangod  ik>gnientnl)y  ffDm  their  first  nppoorance; 
they  increai>p  rajudly  initiico.and  become  the  great  lateral  muKcles 
cr  myo«oineM  of  the  adult  Amphioxus  (Fig.  12,  x).     Each 
rim«de  cell  extends  the  whole  length  of  the  somit<>  to  which  it 
JtmgB. 
In  the  higher  Vertebrates  it  will  be  found  that  the  eorUeeb 

r  * 


lli«  mlddU  ol  Ui  .'i.ji]  Moiim 
vmljrja  with  nltK^tuiixu^  luuu- 
liloMic  tomitcs.  >43S.  (Attcr 
HaiM-link.) 

UH.  bi>tuatjit|--l.  t,  i^tftBj  itPTth 
UXi.  IBiuulc  U;ii.  118.  <MTM)r  of 
luncUjutto  Hutlc    T.  1 ^rm 
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iimscles  to  appear  in  the  derelopment  of  llie  embryo  coireepond 
in  mocle  of  furmntion,  »iwl  in  r<'l«iion»,  to  tlie  n)yotoni&<i  of  Am- 
pliioxus.  Tlie  forniation  of  jiiuscles.  as  indeed  of  all  otiior  tissues, 
hy  direct  inodiiicatiou  of  epittielial  cells,  w  a  further  point  of  very 
great  and  general  int«rcKt,  indicotiag  tliut  tltv  epitJiuliul  ovll 
i«  a  mure  primitire  ty])e  of  etrucLure  ttiim  inuaclt?,  conoeotlve 
liitsue,  nerre  tioiue,  or  atiy  of  lliu  otlier  histological  i>1emeues  of 
wliicb  the  body  of  ait  ndult  aniiaal  is  compoced. 

The  cavities  of"  tlic  winiitt^w  givw  riw  Ut  the  ca-lom  or  body 
cavity  of  the  adult.  After  their  separation  from  the  ucbeoteron 
they  are  completely  closed,  tind  remAin  so  for  some  time;  the 
anterior  and  posterior  walls  of  udjacent;  somites  becoming cloeely 
applied  to  one  auotber,  and  forniiuf^  iwpta  which  itepnrate  tW 
entities  of  eiiccessive  somites  from  one  another  (Fig.  51).  To- 
vfurdu  the  cloee  of  the  embryonic  period,  the  veutral  jHrrtkos  of 
these  sppta  disappear,  bo  tliat  the  somites  open  into  one  another  : 
and  th>*  body  cavity,  which  up  to  this  time  has  been  represented 
by  a  KL-ritrs  of  isulated  clianibers,  oovr  bocomes  oontinuuuB  IJrom 
end  to  end  of  tho  animal,  llie  dorsal  portionji  of  the  notnUea, 
however,  remftin  w^parntc  from  one  another  tbronghout  lifo. 

The  first  somito  (Fig.  27,  s  i )  is  a  little  tlistajice  from  the  an- 
terior end  of  till*  IkxIv  :  from  iu  anterior  and  dorsal  border,  at  a 
stage  with  about  nine  pairs  of  somites,  a  hollow  conical  prou^'Aii  i& 
given  off  towards  the  anterior  end  of  the  embryo  (Figs.  30,  81) ; 
the  walls  of  this  process  nndergo  changes  aimilar  to  thoee  de- 
:<cribed  Kl)ove  aa  occurring  in  (ho  IkhIv  of  the  somito  itself. 

At  the  time  of  their  tirsi  appearance  the  somitea  are  paired ; 
the  two  Homites  of  each  pair  being  exactJy  opposite  [-ach  other, 
luid  the  wholt!  embryo  being  bilateral  ly  symmetrical.  At  a  fiiaf» 
with  nine  pairs  of  somites  this  symmetry  liecomesdistnrbed  (Fig. 
til),  lheanmitP5  of  the  right  Hide  becotniug:^iluated  a  little  liehind 
the  correapondlng  ones  of  the  lefl  side,  and  ultimately  alteniatiiig 
with  these.  TJiis  curions  lateral  os^metry  is  preserved  in  all 
the  lat«r  stages,  and  in  tlie  adult  animal  aa  well.  The  fact  tliat 
the  somites  are  nt.  first  s^-mmetrically  arranged  shows  that  il  b 
B  Secondary  and  not  a  primitive  feature,  and  the  further  fact 
that  it  Biipcars  juat  at  Iht?  time  when  the  preat  lateral  musc1e« 
are  being  tbraicd,  and  are  coming  into  use  fur  swimming,  suggtista 
that  the  exptimation  of  th«  asymmetry  is  to  be  found  in  aome 
mechanical  advantage  gained  by  tbo  alternating  arrangement  of 
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the  masclfci  in  iiii  aitiiiiikl  in  wliicli  ttie  hkctt^ton  is  reprmentetl 

merely  liy  irn  climtic  notochoid. 

TF16  (L'Tolopment  or  new  Mmitcs  during  tlie  l&ter  etagea  of 

rnibrromc  life  occiira  very     , 

slowly ;    aii<l   at    Uio    time      ' 

of   tlw>   fiimintion   of  llie 

tDonth,  marking  the  cloae  E~ 
■  of  tlie  jieriwl,  ihtjre  «po  not 
'  motm  than  fuartcon  or  tif- 

term  pairs.    The  plongBlioii 

of  the  body,  rliich   is  so 

niArlced   &   fosturo  of  tho 

Inter  flrahryonic  sfjiges,  is 

doe,  Out  90  uioch  to  oddi* 

tion  of  oew  ueguiieutH,  as  to 

loogthtrning  of  thoi«  ol- 

nmij  prroent;    and    tliis 

lengtWntJif;,  n»  Aoku  in 
'  ViffL  U3  mill  !U,  )>ri  ndpally 

eopoerHfl   the  aulerior    or 

oUwt  soaitt«s. 

1.  Tlw  Alimeotary  CaaaL 
After  Mparfttioa  of  the 

KMuttea  and  the  ootocbord,  |E3-)  ;  s      H 

I  ll»e  arcbeiitfjvtn, or,  IE3  it  19      x  IF     -'  '  ^      el 

lua&ll}'  lumied  fmiii  this 

timc',  th<>  mesenteroo,  forms 

ft  stntight  ttibe  (figs,  -if} 

lad  :t:t,  t),  dilated  at  its 

loU'iinr  eod,   but  nmron'  ■ 

uid  Rj'lindrica]   along   the 

gmti^r  part  of  ili  length. 

It  is  cIomhI  in  frunl,  but 

U  ibi  hinder  end  tl  coin- 
fmanieAtfe  through  tlw 
Iseorpnteric  canal  with  the 

nmrnl  luW,  and  so,  indirvctly,  thiuiigh  tlio  m.iiropon?,  with  tiw 

eslcriijr.   It  ia  ciliated  along  ito  entire  Iciigili,  but  no  Cood  particles 

luve  B8  yet  been  ukson'od  in  it  prior  to  llie  rormatiou  of  thv  mouth . 
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a.  The  anterior  gut  diTertietUa.  At  n  stage  with  seven 
pairs  of  somites,  a  pair  of  lateral  diverticula  arise  from  the  dilated 
anterior  vnd  of  llie  mesent«roii.  TLet<e  are  situated  (l''igs.  30, 
31,  DL,  ok),  near  tJie  dorsal  surface  of  the  mesentcrori,  just  in. 
front  of  the  firvt  pair  of  somites,  nDd  rentral  to  the  aoterk 
Ijrolongations  of  thi^sn  stimitt's. 

Till?  two  (livertJcula  hikhi  ae{>aratt!  (torn  the  mesenteron,  wl 
then  shriaka  back  from  the  antorior  end  of  the  body.     They 
lit  first  of  equal  size,  hut  fixim  a  stage  with  abont  ten  |»aiis  of 
somites,  onwiirds,  they  di-'vclop  vt-ry  uiicqunlly. 

The  right  anterior  ^t  diverticuloia  (I'i^.  33,  tm)  formsatbiu- 
wflUed  Bac,  wliioh  extt-uds  forwards  so  as  to  occupy  a  larfie  »pax»i 
ftt  the  antorior  end  of  the  hody,  helow  the  notochord;  its  wnlU 
bocoiti©  dntteiipdepitholiul  ccllii.and  thi-  space  which  thi-j-incliiwe 
may  he  spoken  of  as  the  head-oavity. 

The  left  Boiterior  g^it  diTerticuIum  (Yiv-  *iy.  pl)  reniftiiis  ot 
small  size,  and  Ibniiji  a  spheiiad  thiok-walled  sac.  lying  on  the 
left  side  of  the  hea.d,  just  in  front  of  the  nesenterou  and  a  little 
way  bnhiud  the  level  of  the  iieuropore;  its  wall  consists  of  a 
single  layer  of  coiuranar  ciliated  ©])ithelial  cells.  Towards  the 
ctoee  of  this  ombryonic  period  it  opens  to  thu  surfaco  by  a  amull 
pore  on  the  left  side  of  thn  Iienrl  (Fig.  34,  Dl),  and  from  this 
time  is  s{ioketi  uf  on  tliu  prnoral  pit. 

The  homotogjea  of  these  anterior  gnt  divei-ticala  with  orgaiia 
of  higher  Vertebrates  aro  very  uneerlain.  They  are  probably  to 
Iw  regarded  as  parts  of  the  Imdy  cavity  or  rtcloni,  tliongh  ib 
must  be  adiaitted  that  their  development  differs  iti  important 
respeela  from  the  rest  of  the  co^lom.  In  the  mode  of  their 
origin,  in  their  asymmetrj',  and  in  the  fact  th.it  the  left  diver- 
ticulum e«rly  acquires  tin  opening  to  the  exterior,  they  rwsemblo 
the  anterior  ciploiuie  diverticula  of  Balanoglossus,  and  the 
enterocojlic  onlgrowtlis  of  Echinodernis,  with  which  they  have 
1^  some  observers  been  hcM  to  corrcspoud. 

b.  The  dnb-ihaped  gland.  In  embryos  witli  nine  or  teik 
pairs  of  somites  a  whallow  transverse  grooi'e  appears  across  the 
floor  of  the  oieseat-oron,  and  extending  up  it»  sides,  oppofitc  the 
Boptam  between  the  first  mid  second  pairs  of  aoniitea.  The  fir 
commencement  of  this  groove  is  seen  in  Fij,'.  -iO,  opposite  th«^ 
TCDtral  end  of  the  first  somite,  but  is  not  indicated  by  a  refer- 
ence letter.     Towards  the  end  of  embryonic  UTe  tlie  lips  of  the 
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invove  close  lo  form  a  tnbe,w1ii<;li  eptitsofT  along  its  n-hololeugtli 
from  tlie  moMiitoron,  but  remitino  in  close  contact  \f-ith  this. 
The  limb  of  the  tube  wliicti  lies  at  Qie  right  side  of  the  mpseii- 
tenm  expands  slifflitly  to  form  tlie  olnb-sbaped  gland  (Pig.  3li, 
ol);  tie  rest  of  the  tube  forms  a  slonder  duct,  which  pnssing 
KTDM  the  bwly,  under  the  mesenteron,  to  its  loft  Bide  (Fig.  ^6, 
ud),  Bcquitvs  ail  o|>euing  t*i  tlit*  exterior  jiiet  bt'low  tlip  anterior 
bunW  of  the  luo^tl^  as  soon  an  this  Iati*>r  ia  formtcl.  TIk." 
farther  development  of  the  clnb-shajied  gi&nd  will  lie  Jescrilied 
in  the  section  denltn^  with  the  lannl  !itag)>K, 

0.  Tlie  taontb.  At  the  cloHt-  of  llic  ruilirjouic  period,  a  disc- 
tikv  thiclci'niog  •.<(  the  epiblatit  fomis  ou  the  left  «i(h.-  of  the 
bead,  oppcKiti*  the  first  »oniito  but  ventral  to  ita  lower  edge. 
The  liypi^iblASt  of  tht;  mcsenteron  fuses  with  tliid  ]iatcb  of  epi- 
bUfit,  uiid  the  iDOutli  i»  formed  oh  a  pfrforotion  in  the  middle  of 
tile  fused  patch.  The  mouth  ig  nt  first  a  minute  circalar  aper- 
turv,  but  it  rapidly  increases  in  &i£e.  and  at  the  end  oftbecmbrv- 
onic  period  is  n  Inrgo  on)  opening  (Fig.  36,  o),  with  a  slightly 
tfaickC'iied  b^^n^e^.  on  the  left  side  of  the  head. 

d.  The  flrit  gill-«lit  ^iitnultaueolmIy  with  the  ibmiation  o( 
tbe  mouth,  a  nVtf^ht  depression  of  the  hypoblast  of  the  reatral 
mrfaceuf  the  iii'-t".iiiti  [v>n  iippears.  opposite  thi<  second  pair  of 
■omitett;  thii;  (uses  with  Ibi-  epiblast,  and  thpn,  by  perfnrnticni, 
an  opening  is  formed  which  is  the  flrat  glU-aUt  (Fig.  31,  L). 
The  perforation  is  formed  from  within  ontwardH :  the  gill-slit  is 
at  finft  ver>-  small,  and  situmed  in  Ibe  mid-ventnd  wall ;  but  it 
soon  enlarges,  and  aa  it  dues  ho  sbifta  up<vardi*  lo  the  right  nido 
of  ibe  body  (Fig-  9(3,  uk  i).  Like  the  nwutb,  it  ia  bordered  by 
long  cilin. 

•.  The  aaus.  This  i»  formed  rfiortly  after  Ibe  mouth  and  the 
first  gill-fllit  (Fig.  3i,  V},  It  is  ui  first  mnch  itenn-r  the  hinder 
rod  of  tbo  body  than  in  tlie  adult,  and  la  placed  slightly  to  the 
led  of  the  mediim  plane. 

0.  The  Blood- vessels. 

Tlio  der-olopment  of  the  biood-Toesels  in  Aniphioxua  Ims  been 
bat  very  imperiectly  stadied.  The  first  vessel  to  appear  h  said 
to  b©  the  ventral  or  cnrdi»c  aortn,  which  ix  doveloprd  in  a  longi- 
todinal  fltrip  of  meaoblast,  formed  by  fusion  of  the  ventral  etiged 
of  the  eomites  of  the  two  udea  aloug  the   mid-venlml  line, 
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fttid  oxtimdti  along  th<?  nholc  lcn|^h  of  t)ii?  uiUUr  surface  of  1  ht.^ 
intcstino.  Tliu  uulvrior  riul  of  tlio  uorla,  on  rencbJiig  tlic  ]l-vcI  of 
tlie  Haaiud  somite,  l.uniH  upvvurdtt,  aud  runs  obliquely  fonvant^ 
along  tiie  rigKt  side  of  the  pliannu:,  jtaeaisg  dorsal  to  tli«  6r8t 
gill-clefY,  011(1  eii(liiiginclo!«ei'elaUoii  will)  thorlulHNliappd  ^land. 

ti.  Stmcturc  of  the  Embryo   at  tlie  CIdk  of  the   Ziobryiuiic 
Period. 

Tbe  gi'iici'al  appearance  of  tlie  embryo  at  tbis  stage  is 
filiowii  iu  Fig.  ^4.  llio  L'mbn,-o  lias  a  total  l«Dgtii  of  about 
rS  mm.,  and  is  of  a  glatisr  tratisparpncy  in  all  ivi  parts  and 
orgauB,  owing  to  tJie  coiapk-te  ob»oi-|>t.ioii  of  tlie  yolk  ^anules 
originally  prem^nt  in  tlie  egg.  It  ia  widest  about  tlio  level 
of  the  iiioutb,  iu  ft-oiit  of  whicb  it  tflpere  rapidly,  piiding  in  n 
sharply  pointed  snout.  The  hinder  part  of  the  body  lapers 
very  griiduiilly,  unil  ^-itds  in  a  thin  vertical  tin  of  iiither  larger 
size  than  ia  sliovni  in  the  tiguro. 

The  embryo  i^wiius  actively,  by  alteniatiug contractions  of  tJio 
myolomeB  of  the  two  sides  of  tb©  body.  Of  thf«o  tnjotoini-a 
thore  are  liftecn  pairs  ])rpsent;  tJie  myotonics  of  Uie  first  pair 
are  o|)poKit«  each  otiier,  thoKe  of  the  next  two  or  three  pairs  are 
pluced  more  or  less  obliijuely,  aud  beluud  the  Ibnrlli  pair  tho 
myotomes  alternate  regularly  along  the  two  sidi*8  of  the  body. 
nipi  first  pair  of  myotoiiiL'S  givo  off  nnterici^r  iirolongntions,  wliidi 
RXtt^nd  along  the  siden  of  the  notochord  to  the  tip  of  the  snout, 
nnd  bv  (h.'ir  coi  it  motions  Iwml  the  jinont  fivfly  from  Btde  to 
aide.  ICacb  muscle  fibre  ia  formed  by  elongation  of  a  single 
cell,  and  tlie  mtijority  of  tbe  fibres  show  more  or  less  evident 
trauiivei-se  etriation.  The  alimentai^  caool  is  divided  into  on 
anterior,  dilat^-^l,  plmrj'iig«il  rvglon,  lying  oppo»it«  ihe  first  two 
myotomes ;  nnd  a  postprior,  cylindricul,  intestiniil  ivginn  whifh 
extends  to  the  unuis.  In  connection  n-iih  the  phun'itgeal  region 
are  the  mouth,  the  first  gill-slit,  and  tlie  club-shaped  glattd ; 
thi>i-e  ig  IU  y<*t  no  trace  of  the  livor. 

The  nervous  system  consists  of  n  nt-ural  tube,  with  proper 
walls  of  its  own,  extending  the  whale  length  of  the  back  of  the 
nnimnl,  ju»t  above  the  uotoobord.  'I1)c  neural  tub«  i>p«as  to  tlu>, 
exterior  at  its  :uilerior  end  through  Ihn  iinuruiion;,  imuwdlstdjr 
behiud  which  the  tube  presetiteasliglitdiUtaliou  or  '  braiu.*  Tba 
|XkStenor  end  of  the  neural  tube  (Fig.  SI,  NB)  bends  downwards 
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raand  th«  end  of  ih"  notocliorJ.  and  etill  commnDicfttee,  though 
\lf  ft  Tery  miaute  njierture,  with  the  hiixir-p  end  of  tbp  inlc-sitine. 
SenflB  oTKaiu  are  r<:pi-e«ente4  by  pigmeut  aputK  in  tbu  wait  of 
Um  ueaml  tube;  aod  a  pair  of  small  til  amenta,  fornied  of 
ekntgated  and  adborent  cilia,  nuJ  dtuntvil  du  ilio  iiuder  siir- 
fftce  of  thp  tody  behind   tJie  mouth,  are  rery  posaibly  taste 

Oaf  of  th<^  iiiMt  interesting  points  to  notice  ia  that,  up  to 
(hit  8tag«,  all  t)io  >'arious  parts  of  the  body,  the  opidennis,  the 
walla  of  the  ocunl  tube  and  of  the  aliuientarj  canal,  the  inyo- 
tocnee,  Sic,  nil  alilco  caiiflUt  of  t-inglc  IsJ'lts  of  cells,  and  ccll» 
whicli,  at  any  rate  in  tludr  earlier  Mages  of  d^'velopment,  luw 
epithelial  origin. 

II.  THE  LARVAL  PERIOD. 

This  rxti^iid^  from  the  formation  of  the  moulh  Ut  tlie  critical 
atag«,  at  whk-li  latter  dale  the  mouth  assumes  its  median  position, 
and  tbegill-slitii  become  >yn)iii<.-tnt'n]|yarr»u^duii  the  two  eidc-K 
of  tliepliorjnx.   Thcdiimtiim  of  tbi'iicrind  is  about  thn-e  inontlis. 

r>uring  thi*  larval  period,  devvlopineul  pnici-edi*  f«r  more 
slowly  than  in  the  earlier  stages.  An  ititerval  of  about  a  fort- 
niglit  la  said  to  elapsii  between  the  fiinnalioii  of  the  first  and 
tbo  B«cond  gill-atite;  and  the  viosc  of  ihe  lan'al  period,  ^vhicfa 
iadirail««  a  very  defiuit«  Ktuge  in  development,  i.t  alM  iii»rki*d 
by  a  )tattaB  of  oonsidttrahle  duratiou.  The  chit'f  eveul*  tbut 
occur  during  the  larval  period  arc  the  forniatign  of  the  ^ill- 
alila  of  both  itidva  of  tb«  pharynx,  tho  formation  of  tht;  eiido- 
stylo,  thp  development  of  the  atrial  cfcvitj-,  (be  t^hiAin]^  of  the 
(uoath  to  its  ttdtill  put^iliuu,  thi-  efltabliahuit'iit  of  the  full  uuiuber 
of  mj-otomea,  teacher  with  certain  imporlani  diaiiges  in  their 
nlationt  to  L>tlier  oi-gans,  and  tho  disappearance  of  th&  ctub- 
ahapcd  gland. 

Until  rw-coUy  our  auquaiataace  vriib  thcec  stages  was  rer)- 
fragmetitary.  and  due  entirely  to  Kowalevsky's  careful,  but  brief 
and  incomplete  descriiRionii.  Now,  owing  to  Hatschek's  ol>*4>rva- 
fcioaa  on  the  devolnpnirnt  of  the  myotomes,  and  those  of  WiUey 
and  Lnnke.iti-r  on  the  forwatinii  of  the  ^ill-^lil3,u[rtal  cavity, and 
endoAtyle,  we  have  £kr  mute  complete  uud  eatislactory  knowledge 
af  tlie  actual  course  of  events,  although  there  are  many  pointe 
that  Mill  require  tnvestigntiwi, 
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whicb  ihf  Intra  taken  U>  living  tn  the  sniul  vari^H  greAtl^  In 
difFeronl.  indiviJuals.  At  Ibt*  close  of  the  larTsl  period  tlm 
lura  inrAanres  nboiit  'A'5  mm.  in  length. 

1 .  The  OUl-BliU. 

It  bos  nlivadv  been  meatiouC(],tii  tLe  general  Hccouut  of  the 
d«vMoinD*^-nr.  of  Ainphioxiis,  t.liat  tfaegill-alits  of  thctw-oKtrlfsare 
not  rormed  MmultAneou*.Iy ;  tliosa  of  the  left  side,  wliicli  may  be 
t«rmed  primary  >lit»,  appearing  before  tbosu  of  the  right  «de,  or 
•ecODdary  slit*.  The  primary  blit«,  of  whicL  there  are  as  »  rule 
f  >urt4-cii,  an-  Inrnifd.  not  on  tbc  lefl  side,  but  in  the  mid -v  tint  nil 
wall  of  llie  pliaryni,  aod.  after  tlieir  fnmiatinn,  shift  upwards  so 
B9  acluotly  to  be  fur  a  tinic  on  thf  right  uida  of  thopliarynx. 
Tlie  wcoiidnry  alita,  uanally  eight  in  immher,  are  formed  qI  a 
later  stage,  along  the  right  tide  of  the  phni^-nx,  dor^l  to  Ibe 
priinary  slits.  Townrds  the  close  of  the  hin'al  p-riod,  as  the 
month  afisanieii  its  mediau  potddon,  th^  primary  nlitA  ^hiit  across 
to  th«ir  peniianeut  position  on  the  left  sido  :  at  th«  Hsmo  ttmc. 
by  an  actual  ditniDiilion  in  nnmlipr,  through  illsap)iearaiiCfl  of 
tbo  alilji  lit  tbo  two  cuds  of  the  iscrivs,  the  primary  elild  become 
radaoed  to  eight,  and  the  criticul  st«ge  iR  reached,  at  which  tho 
pnninry  and  aeeoodsiy  slits  ore  equal  in  tiui»))or,  and  fiymmp- 
tricnllT  arranged  along  the  left  and  right  sides  of  the  pburynx 
re«p«^ctivt?ly. 

a.  The  primary  glll-illt«,  or  the  gill-alitH  of  the  adult  left 
■ide  of  lilt-  piiriririx,  ui-e  toruu-d  iu  succesaiuu  from  before  back- 
trard«.  Uki'  the  tirst  gill-slit,  the  development  of  which  has 
already  U-.'ii  de:icrilicd,  cooh  of  the  Hace««diiig  primary  gill-alita 
lies  at  Rnt  iu  tho  mid-veutrol  wall,  but,  with  the  exception  of 
tl»o  hiodermost  two  or  three,  shiAa  almost  at  once  to  the  right 
nde  of  the  pharynx.  Hie  ftill  namber  of  primary  gill-Hlitsi  i* 
as  a  role  fourteen,  but  raries  in  ditferent  specimens  from  twelve 
to  &ftc«D.  The  slit«  me  at  first  motumorically  arranged,  corre- 
sponding, wboii  tlicy  are  fourteen  in  number,  to  the  Eomite« 
from  the  sccoud  to  the  tlfl<>«nth  inclmivo  :  thi>'  mctamorio 
Birangi'mcDt  is,  liowever,  entirely  lost  in  the  later  slices  of 
developinent. 

The  condition  with  tlire*  fully  developed  primftr>-  gilt-clits, 
and  0  fiiurlh  slit  in  the  act  of  forming,  is  »hown  in  Fig.  'dG  ;  and 
the  stage  in  wliicb  nil  fourteen  pnumry  gill-alits  are  preeoot,  in 
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Vig.  37.     Tlift  gili-sltts  art-  at  first  wide,  wimlow-likft  apertiin»3 
in  the  wall  of  the  pbaryas  ;  auJ,  until  the  formalioii  of  the  atrial 


CH 


ES 


GL 


N5 


-,     ^-S.i\', 


^; 


CD 


HK* 


HKS 
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cavity,  iJiey  open  ilii^ectly  (o  the  exterior.  At  n  comjmnitiv-eiy 
early  stage  (Fig-  3')i  the  first  immarj-gill-xlit  btcomea  marliedly 
ftinaller  than  the  eiiCLvt-ding  (nies. 
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87. — Thcftiilorior  (•iiiliif  an  Ainplildsus  Liirm  wllli  fimrti-pji  |idiuaj]r)ci11- 
■Ula,  itcttn  tnim  tint  riulit  "i'l'v     (Aflsr  Wlllpy.) 

OO.  nimilnir  tMni  rlniriiAia-i  uUi.il  inin  iiIumii.i.  Bx  t. ',  U.  nm.  vTmiK  *kI 
fviutc«n(h  \9iiumry  iili-Aii^  ^P  5, '.EtiU-'knin*!  iiiC(tii->  En  irlii^lk  llw  i^miihI  fcnl 
«n«ilti  Mniiiiliitv  |rlll..;ii>  tritl  Ik  t«irai>l  i4  ■  ttiiliU)  luiir  •tuor.  l£D.ln>«tnnl 
rluli!  nwcaiilniiiil  ('>]il  NC.  umial  c*a^.  NO.ajiurtm  ■UIimUou.m' ■toUWauf 
iHonl  euui.    IS8.  iiiiimi  (vni.    O,  nunjih.    OG.>j»«|wt.    FH^Mptiin  Mnn 


b.  The  Mcondary  ^ill-sUts,  or  tlii<  gill-slitjt  of  the  odull  rig:ht 
side  of  the  phnr%*iix,  ii|ipL-ar  later  than  the  pi-imary  elite,  and  in 
tbe  following  manner.      At  a  stage  (Fig.  37)  when  fomtecn 
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primnn'  slits  ar«  ptvsent,  of  which  the  hinder  tbreo  or  four 
alrradr  opeu  into  the  atrial  cavitT,  a  longitiidioal  ridg« 
k]>[x*ar»  in  the  right  Trinll  of  tlif  pharynx,  abov<>.  ihe  primary 
gill-aUts.  In  tbU  ridge  six  ovsl  thickoiiififri;  oi-  enlarge iu«nti! 
appear  niuulUoeottsly.  formed  by  fusion  of  tlie  hypublnstic  wali 
of  ihi.'  pharynx  with  the  external  i-pibln>>t.  Theve  fuM-iJ  pntchos 
altci-nate  witli  the- primary  gill-sHtji;  iho  lii-st  piilHi  (Fip.  87, 111*2) 
lying  al)QV«aDd  between  the  third  and  fourth  priiii^tiy  8lit8,u[id  the 
Hxth  putch,  HP  7|  ahove  and  betiveen  the  eighth  and  uioth  prioiar)- 
elils.  Each  patch  now  becomes ]H.Troiulod  by  u  niiitut«  npL-rture, 
which  by  enlargement  tiecomes  one  of  ibe  st^<oudary  )pH-slit£. 

Tho  most  nnterior  of  tbeae  six  slits  i»  usually  formed  a  little 
later  tban  th**  reiaaininf;;  Bre  ;  and  a  little  later  still  two  more 
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fUL  3S.— ThCBUlcrior  end  of  wi  Aiuptiiosni  Lnnta  with  thirtconpriiiiAiT,Bii<) 
elifht  iKDMidaiy  g^ll-sliu.  kcii  tioia  the  ri^bl  si<lc.     (Afte«  WUlcjr.) 

OS>  MMikBiL  HT,  dursl  Oil.  DL,  imronl  p[.  SB.  aidu»1n  QZt,  dnlh 
^ifntflwKl,  OO.  "tmltiH  ffrnt  rlnb-iliap^aUbl  IIiM  lAarriii.  UK  I.  >'.  II;  am, 
■  ■  imU^  M»l  UdfMwill.  ivimal*  rlll  ■til'.  HP  l.«.*.flrM,  iliU.  .!..[  rl^M'  -rr4Ki4uy 
dMIte.  BT.  •uiiuiiBbu  nf  ihc  linirt h  aBenMUT  ctU^i-  t<M.»ii±<u.  NO.  aporsl 
■kmL  HQ.Mi<>rfM  >IIUU«tM(,iir*Britial*of  Murnlmi*!.  ITS.  •|iiu>l  n.ri.  OC 
•)»«(»>.    PT.(«f4iuuMiraniM«iDlbWd«lSlitliail"Un>in.    V.  nM  l(i>- uitu. 

•lit«  an  fonned  in  simihtr  fniihlon,  aoe  at  each  end  ofthv  aeri». 
In  thia  nianucr  tho  full  number  of  fight  swymdury  grill-slita  is 
■cquirr-d  (Fijr.  8tt)  ;  the  first.  III*  i,  lyinp  nlwre  and  between  th« 
Moood  and  th!r<l  primary  alilM ;  and  ibn  eighth,  HV  s,  above  and 
b(4wi'«n  the  ninth  nnd  tenth  primary-  slits.  A  ninth  secondary 
(fill-Blit  is  winietimes  devclofu'd  at  the  hiiiiltr  end  of  the  series. 

c  Farther  dCTelopmeat  of  the  primary  and  lecondary  g^iU- 
dita.  The  aeccndnry  gill-tttitd  are  lit  tii^l  vi-ry  wiiail,  but  ihey 
nptdly  increase  iu  size,  extending  donu  tlie  right  side  of  the 
pharynx  ;  oa  they  do  itu.  the  primary  slita  more  downwards  to 
the  ventral   wall  of  the  pharynx,  and   then  extend  up  ita  loft 
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wall,  Hnnlly  nsnitning  theii-  jtermaiieut  {Mhitiun  on  tlie  lell  side 
of  tlio  pUuiyiis.  Uuriag  the  jiroccan  nt  shiftiiijr,  the  primary 
and  flecoiidary  sUtH  giiiJuall^  liecoiiif  eqiml  in  hI/v,  And  of  umilnr 
siiape.  From  the  dop^al  border  uf  tmcli  ulit  a  small  process,  the 
t-ongue-bar,  grows  downwarils  across  the  alit,  dividiDf:^  it  into 
aiitttrior  and  jKeteiior  portions ;  UirSf^  tonguo-bars  (t'ig.  38} 
appear  ratbL-r  earlier  iti  the  secondary  than  in  tho  primftry  slitg. 
Of  the  fojrteen  primary  slits,  the  liisl  aud  lh«  fourteenth 
cloHo  up  nad  disappear;  and  at  elightly  later  stages  the  thir- 
teenth, twelfth,  eleventh,  niul  t«»ith  similarly,  nnd  in  Kuccc-ssion, 
olosB  aud  dlsu|j)>i:>ur  {cf.  Fijj,  39).     la  this  way  the  primary  gill- 
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FltJ.  3a.— The  nnlitrUir  i-nd  of  »ci  AmiiHioiiw  IiHrva  with  twelve  priiimrj'  rfll- 
Rl!t<,of  which  tilt  first  aiiil  twelfth  BfedlsappearltiB. and  ui^-ht  secondary 
ItiU-iiliU  1  ■cva  from  tho  rontn.!  eiirfofp.    (A(t«r  Willo^.] 

OH.  nnliBnh<iriU  £lSv  tjiilnnc^lo.  QEI-Uta  iprlimrt- irLII-*|]t  Juat  twffr*  It*  ftiul 
.tlK|i(>vui'«  HK'J. «<eii-l  iiriswrr c'"**u>-  HKli  tw-rtriii  iirinKry  eUl.alli. (ii 
tliv  4iri  I't  cUiiinx*  irHipr  ii  tu  <kWtjjieafiiiL4v.  SPl,  4.tif t(  AEhl  ^jrliih  ivmidftry  ^11. 
•itii.    HT.  tuonur-Wr.    LU.  Tcliuii.    OS. '>>iai'«t  rarity.    OT.  titccBl  tviitarlst. 

slits  U'coTiie  ffduced  t*i  tJie  same  nuiul>er,  eiyht,  as  the  Keran- 
daiy  »littt,  the  ei^i^ht  pi^r^isliiig  primary  slits  being  the  second  to 
tlie  ninth  inclusive. 

ITio  aiitorior  porai-iting  slits  uf  bi»th  series,  i.e.  th«  second 
prunary  slit  and  ihw  first  seTOiiilary  slit,  differ  from  the  others 
in  tlieii-  smaller  niy^,  and  in  thu  fact;  that  thi-y  alone  do  not 
develop  tongiie-bspfl  (Fig.  39,  iiK  a;  rp  i). 

The  gilUiilits  have  now  reached  the  coudilion  cliurncli-'ristic 
*^f  tlie  critical  stage.  Eight  slits  are  present  on  each  side  of  thu 
phaiyiucj  alt«miitiiig  with  one  another  na  in  the  adult;  the 
anterior  oUt  of  the  right  side,  i.e.  the  first  secotidari'  slit,  ifi'  i, 
being  oppoaitu  thu  iuter%'al  between  the  first  and  second  slits  of 
tlie  leR  side,  t.*.  tho  awond  and  third  primary  slit*. 
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2.  The  Endoctyle. 

l')i'_-  eiiili^tyle  nppi-ara  &t  tlie  commnnccmunt  of  the  larval 
period,  gr  townrds  the  clom  of  the  embryonia  period,  as  a  band 
of  ooluiuiiar  ciliated  cells  on  the  rij^ht  side  of  tbe  Anterior  euO  of 
the  pbarvnx,  immcdintcly  in  front  of  the  club-shaped  gland,  and 
in  close  oontAct  with  thm.  Its  condition  at  an  early  stnge  of 
tlii^  larcal  ])criod  is  slioi^-n  in  Fi^.  'M,  ES,  wheru  it  is  secu  as  a 
broad  >'Bl>aped  band,  formed  by  modification  of  the  hypoblast 
c«Ufl  of  the  riffht  sido  of  the  pharynx,  opposite  the  ant'Orior  part 
of  the  mouth  oppninp.  Thp  ap«x  of  the  >  is  diupctod  back- 
w»n38  ;  the  upper  arm  is  much  ehort«r  than  the  lower;  and  the 
whole  band  is  divided  down  its  centiw  by  a  groove. 

In  tli<>  later  titageji  (I'^gs.  'i7  and  3S,  ys),  the  ondostyle  e.v- 
tcuda  backirunis,  its  upcx  |uiKf<ing  Iwhind  the  duct,  of  the  claVi- 
Lihaprd  gland  and  making  itjt  way  between  the  priinary  nnd 
wromlary  8eri«:«  of  ffill-sHls.  Aa  the  critical  stage  is  appronched, 
and  the  primary  gill-slit«  shift  acroaa  to  the  left  side,  the  endoslyle 
{Pig.  3Q)  inovcii  to  ittt  |)ermnnent  position  on  the  niid-veritra.1 
wikll  of  tlie  pharynx.  At  the  Mtme  time  it  cunHnnes  to  extend 
bockwards,  and  at  the  criticaJ  stagi*  haa  reuched  to  about  the 
Irrel  of  the  6fth  gilUsllls.  Daring  the  shifting  of  its  position 
tlic  two  limba  of  the  >,  which  were  originally  upper  and  lower, 
beoonie  right  and  left  resjiectively ;  and  as  it  extends  back- 
wftrds  along  the  Hoor  of  the  pharynx  the  two  limbs  beoome 
I  closely  applied,  ami  fuH-d  together.  From  the  aDt<'riur  ends  of 
'the  limbs,  a  pair  of  ciliated  ridgee  of  epithelial  cells  extend  ap 
the  sidea  of  the  pharynx,  and  '^tovr  backwards  along  its  doreal 
surface  to  form  the  epibianchial  band  of  the  adult. 

3.  The  Clah'thaped  Gland. 

The  early  stages  in  the  formation  of  the  cluh-iihaped  gland 
have  bL>en  already  desciibed,  p.  70.  The  gland  reaches  ita 
lawtinmui  development  about  the  commenoeiaent  of  the  larval 
(VTiifl  (Fig.  36),  when  it  ci)iii'i.'>t»  itf  a  dilated  sae.  OL,  lying  on 
the  right  vide  of  tlie  phaiynx,  and  continuous  with  a  narrow 
tubular  dnct,  which  passes  round  the  ventral  i^urface  of  the 
jihar^'nx  ami  o[>enj<  to  the  r:cterior  on  the  left  aide,  close  to  the 
antoriur  border  of  the  mouth,  GJ). 

The  dilated  port  of  the  gland  soon  becomes  narrower,  luid 
iubular,  but  according  to  Willey  acc|uired  an  opening  into  the 
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pharynx  at  its  dort^al  end.  It  dops  not  shift  its  position  in  any 
way ;  hut,  about  llii!  stage  represented  in  Fig.  38,  when  Ibo 
socoadary  ^l-«lit«  arv  ftjiiucd,  and  tlic  primary'  slit*  are  moving 
nci'Oiti*  t<i  tbt>  left  Aide,  the  cl iil>«bjipe-d  gliiiid  begins  to  atmphy, 
aud  by  tliL-  Htai^v  sliowu  in  Fig.  'i'J  luui  tliBappeated  cunipli'toly. 
The  function  and  the  morplioIogicjU  meaning  of  the  club- 
sbapod  glatid  aro  ver\-  doubtful.  Willuy  ha*  8tigge-»li'd  that  it 
niny  be  the  modified  tir»t  gill-H]ib  of  the  rigtit  side,  ndducing  in 
support  of  the  auggeatiou  tUe  fuel  llmt  the  first  gill-slit  of  the 
loft  sido  iaalso  a  structure  whicli  disnpjwara  early ;  indeed,  about 
tho  i^mo  time  as  the  club-sliaped  gland  it«<-lf.  It  is  difficult, 
however,  to  understand,  if  Ili6club-!ilia))ed  gland  isfomied  fnnna 
gUI-slit  of  tliu  right  isidf,  why  its  external  opiriiiug  abuuld  be  uii 
till-  left  side  of  tlio  liead. 
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4.  The  Month. 

The  must  striking  fnatuivit  nbout  the  luoutb,  at  tie  coni- 
mencetnent  of  the  larval  period,  are  ita  position  on  the  \»(t  sid« 
of  the  lieail,  mid  it."*  etionnous  »iy,e.  As  shown  in  Fig.  iili,  the 
mouth, O,  and  \hr  first  gill-slit,  Di:  i,  with  tin-  part  of  tho  plmmi- 
gee!  cavity  between  tliem,  fonn  n  huge  opening,  perfoi-ating  the 
iuiiuial  fVom  side  to  side  like  the  eye  of  a  ueedie. 

Dumig  the  formation  of  the  priniai-y  gill-slitB  the  mouUi 
reuiaiiix  cm  tlie  IvH  side  uf  tbc  lieud,  and  inert-tises  considerably 
in  length ;  extending,  at  the  close  of  the  stage  (Fig.  37,  o),  fixan 
tUe  wcoml  to  the  eeveiitb  iuyot<mie  iacluaive. 

From  th*.^  conimenuement  of  tho  formatiun  of  the  secondan,* 
^ll>«litH  the  mouth  gradually  nhifla  its  potiition,  growing  round 
tJie  anterior  end  of  the  pharynx,  and  eventually  attaining  the 
median  position  and  the  shape  characteristic  of  tho  adult.  Tixo 
shifting  commences  with  the  formation  of  a  groove  on  the  snrfat* 
of  tho  bead,  h-adiiig  from  thr  j  niioral  pit  to  the  apper  and  anterior 
angle  of  tlie  mouth.  By  deepening  of  this  groove  the  month 
opening  bocotiii>s  placed  obliquely  acroaii  the  body,  and  by  ^^^1 
continuance  of  the  process,  together  with  growth  forwards  of  its^^l 
{)08terior  lip,  it  ultimately  becomes  [nedinn  in  pofiitivo.  'ffto 
month  is  rt-lativoly  mocb  smaller  in  the  adult  than  in  the  larva, 
but  not  actually  so. 

The  margin  of  tho  mouth  opening  of  the  lor^'a  boconicis  the 
veluia  of  the  adult,  from  which  the  velar  tentaclea  nrUe  a»  ont- 
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growtlw ;  of  lliPfto.  thfTf  ore  four  presonf  ut  tbo  criticnl  stage, 
tbo  n^miiinintf  i?iiiht.  bi'iiij(  (Icvelnpi'tl  later. 

6.  The  Buccal  Hood  and  Baocal  Teotacles. 

TltP  true  moutli  of  ttii-  adult  Ampliioxue,  tho  developiuoot 
oT  which  lioii  ju»t  bi^rn  ilpscribttd,  is  thn  small  upening  in  the 
TfUini.orpnrlinoii  oi'pnnitiiig  llie  bucatlcavitvfrnmtbK  pfinrvnx 

(Fi^.  1 1 .  r-  •''^)- 

The  buccal  cavity  itwlf  i*  foiini'd  by  a  imir  ut  Foldn  of 
iate^ment,  which  appear  about  the  time  of  Ibrmattoii  of  tbe 
fecoDdar\'  giiUslttt!.  The  two  foldi;  sro  at  fir»t  upper  and  lower 
TetipecCtvidy  ;  th«  iippi>r  fold  commi^ncin^  above  the  pnmml  pit, 
wid  bLVuiuiii^  ouuttauous  posti'riurly  trith  thv  upper  ninrnriti  of 
th<*  mouth  ;  ivhilo  the  lower  fold  arises  as  a  ridge-  alone  tht-  low^r 
and  hindi-r  U'trd^rof  tb«  mouth,  extending  in  front  across  tlie 
Tenlml  Kuriiirc  to  the  right  side. 

Ah  th*>  mouth  iu<.tuini>:a  ittt  nxidian  positioii  tlie  upper  and 
VMrerr  folds  incrctasf  in  size,  und  form  tb^  Icf^  and  ri^ht  halves 
ofthf  bnccal  hood  n'sppclively. 

Thv  buccal  (t-atoclt-'s  oppour  vorly,  ua  pupilht-Ukc-  outgrowtlis 
fWxn  the  1>uocal  folds  (Fig.  39,  or).  They  arise  ut  Brst  ttntirety 
frnm  the  lon'-or,  or  futiiro  riglit  fold,  alxiut  tlio  tinti*  tht*  mouth 
commences  to  shift  its  position,  and  tliey  do  not  extend  into  the 
1*'A  fold  until  a  much  laN^r  ]>eriod.  T}if  iiicdinn  vciitml  tentacles 
an  tbe  first  to  he  funufd,  and  tht*  others  are  added  on  in  snc- 
OMBion  At  L-ithej-  cud  uf  thi.'  series.  8mtill  cartilaginoid  skeletal 
«ten)entsnru  preecnt  at  thi.>  bnticgof  the  tentacles  from  their  fir«t 
appearance,  and  ultimately  give  rise  to  th«  buccal  .""keleton. 

C.  The  Praoral  Pit. 

At  thi*  OJinm-'iict-meot  of  the  Inrval  period,  the  priponl  pit, 
which,  it  will  be  retnembcrod.  is  formed  from  the  left  anterior 
gnt  divert iculam  (p.  70),  in  a  Bmall  pit  with  thick  ciliated  wsl)», 
lyinff  on  (hf  left  fide  of  the  anterior  ]i«rt  of  the  head,  above  and 
in  frnntoftlio  month,  nndo[M>ning  to  tlio  exterior  by  n  small  aper- 
tnn?  (Figf.  36,  in).  When  the  mouth  commences  to  shifl  towards 
fcho  median  plane,  a  ciliated  groove  is  formed,  connecting  its  upper 
and  anterior  angle  with  the  aperture  of  the  prrooral  pit ;  and 
■»  tbe  mouth  .Muks  further  and  further  towardt*  the  right  side 
the  praxiral  pit  gradually  becomes  Qattened  out  (Fige.  37,  38,  tiL), 
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ite  walla  becnmiog;  ultUiiotely  converted  into  t3io  tract  of  colum- 
nar ciliated  epithelium,  wliicli  in  the  adult  Amphiosua  Uoes  tli« 
posterior  part  of  the  bucc&l  cavity. 

7.  Tbe  Atrial  Cttvitj. 

The  atrial  ch-imber  begins  fo  form  in  lartm  which  have  from 
nice  to  ten  primary  pill-slits,  but  in  wliich  the  sccoiidorr  giU-j 
slits  hav«  not  commenced  to  develop.     A  narrow  longitudinal 
gpoor*-  appears  along  tlie  venlml  mirfuce  of  tbe  body  of  the  lan-a, 


CM. 


CF 


Id. 


^ 


ti- 


cs 


K' 


*F- 


lA 


MO 


MV 

Fig.  ti1.--A<!llat;ntniiutt[c  tnitisvt9?u  iicatiiiD  iicri»>.i  na  Arophkisu*  Lnmi  vith 
<'1i>Ttin  or  twdvo  priirau-j  xlll  slita.  but  lU'  ovi-uudarir  uneii.  (SUglitlj 
muriifiM  froni  Liiiikesn-r  and  WlUey.) 

OJf ■  nlf ffpf Uf a)u ui  i-f  1^>'0(^'l■l  Ifliitf  tvtMt^ii  unf^^'lfkpil  ijjil  iny<j(oDii^  C3^t4* no lifl cina Ul 
OU- vullt  lihVrr.  DV.  ntviiv  <if  iliki-Mil  An.  H6. 4^l*^'?'^uii^  Injvr.  X  if^MJ  rvrniL 
HD.  iDMAiiltiml  riilv*.  ItF.  miiv'tivfaiel*  lii|riT.  ML.  niyo(»inla  miawk,  W. 
miUplftuKl  niML    Tt,  lliCnUuc    V,  •ilUnlmUiiat  rtmuL 

behind  the  region  of  the  pharynx.  The  groove  is  borderud  by 
two  folde,  which  bucoino  lutcr  the  metapleuTOl  ridgei  of  the  adalt 
(Fi^.  iO,  MI))  :  on  reacliing  the  pharyngeal  region,  th«  two  nioto- 
pleural  ridges  are  deflected  towarOo  tlie  right  side  of  Lho  larva, 
and  run  forwards  one  on  (Hu:lieidoof  tho  roworprimai^gill-elibt. 
Fri>m  llie  inner  side  of  each  metapleiiral  ridge  a  horizontal 
slielf-like  outgrowtli,  the  aubatrial  fold,  ari-^es;  aud  tho  two  sub- 
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atrial  folds  oi^ct  aiul  fuse.  noiiT«»titig  the  gi'oore  into  a  tnb«  (Fig. 
-10,  ii~).  TbiH  iuIht,  of  wliicli  the  roof  \a  furmed  by  tlie  ventml 
wall  of  tbe  body,  tbo  udes  by  tbo  Dieta]>Ieuriil  folds,  and  the  floor 
lijr  the  fused  sabatrisl  folds,  U  tite  atrul  fihamber.  Th«  foDnntiou 
of  the  floor  of  the  chamber  pntceedii  froni  behind  forvrards.  In 
the  lanrs  shown  in  Fig.  i)7,  in  which  thei'e  nre  fourteen  primnn,- 
dita,  anii  the  secondary  slits  are  just  cotnnti'ncing  to  forii),  the 
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"Fib.  IL— AdiacnuBinaliRlnmvMWawlioaUiroujibaaadvariiwil  Amphiom* 
l^irra  with  tmUj  fintue' I  nirlol  ciiltjr.  ^iglitlj  modllleil  from  LAiik«*tor 
mhI  Wlllny,  Biiii  Itvui  ItovMl.) 

A.  BOfw.  JLO.  UTltl  'vTiij.  AT.  an-nt  alilal  eaiitri  <i>— J  It  (u4«  (4  (ka 
MhMMfoUi.  CH. '-'^''''r.  OM.«>r»'*-  ON.  annlo^n  •<  niia«l  hlw 
tataWB  tuMAlnd  Mkt  ii,)»U4iUfl  muKtn.  OB.JI»n'h>»«ai.  QU,  onli  Ufw.  Dr. 
lottTifaniat  5n.  H8. UiMiwMinu Iv".  Xaftoiloiirt.  MIX tnUiilninl rMar. 
■F.  moKlMaa^B  kirn.  Hlh  wtUnaito  miMk  XT.  MUiilianl  euaL  OB. 
■nMiOfiKiiii r«pivltK(l>K onpin    T£.liite«lDB    T. aM»v»lxtl iimtL 

atrial  tube  is  completed  to  about  the  level  of  the  ninth  primiu-y 
jriU-elit;  and  nt  a  atogoahorlly  before  that  aliovrn  in  V'tg.  36 
tlH<  tulie  is  completed  alonf^  tlio  whole  Waglh  of  the  phitri-iix. 
The  anterior  oiid  of  lite  tube  cods  blindly,  but  the  posterior  end 
miuuRS  open  aa  llii<  ittrinl  pom. 

The  atrial  tube  is  at  first  ver^'  uarrotr,  and  of  nearly  equal 
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diameter  along  its  wbole  Iciis?t.li.  Later  on.  it  enliirge*  very 
gi-eatly,  nnil,  pusliinjj  the  ventral  body-wall  before  iU  «n- 
OToacbes  on'  tliu  apucc  liithcrto  occupied  hy  the  ctelom,  Sually 
extending  b<i  far  (lin-xiJn'nrdci  nn  nearly  to  fiuiTOond  the  ali- 
inentaiy  canni  (Yig.  41.  ac;  cf.  also  Fi),'e.  12  find  10). 

The  primary  g'ilWIits  at  first  opcm  diroctly  to  the  «xt«r«ir. 
but,  att  they  lie  between  the  two  incfjijilt^iirftl  folds,  tliey  licconic* 
boxed  in  on  the  formation  of  the  floor  of  the  atrial  tubL-,  sn<i 
from  tliiH  time  open  into  tlie  atrinl  tnlio  or  chamber.  Tlie 
■flcondjtr^' gill-Klits,  which  also  lio  1x't.wc<.'n  ihv  two  nict»|iletiral 
folds,  verj-  close  to  the  base  of  the  right  raetajileDral  fold.  ar» ' 
ntit  formed  nntil  the  iioor  of  the  atrial  chamber  is  completipd. 
and  conse'^iicntly  opca  into  this  chamber  frsm  the  first. 

The  nK'l(i|iIftiinil  folili*  nT-«  lit  first  solid  rldgi-s ;  Inrgv  8])K0eA 
Mxin  a]i]ienr  in  tlmni,  which  hecome  the  inetapleursl  canals  of 
the  adult  (Fiifs.  I'Z,  13,  nud  41,  mv). 

8.  The  Kcioblastic  SomiteB. 

At  till!  comriu-TiLvnirntof  tlio  larral  ptrind  fourteen  or  fifteen 
\mxti  of  soiuitM  art-  pivsent;  during  the  early  purl  of  this 
period  the  number  steadily  increases,  and,  shortly  before  the 
npitearnnccnrtho  secondary  gill-slits,  the  full  number  of  somites 
vf  the  iidiiU.  animal,  wliicli  appenni  to  he  very  generally  sixt\'- 
oiH',  U  ntlniiKHl.  Tho  aotnit^^n  fonnitl  during  the  larval  period 
differ  frimi  thow*  developed  in  the  eiiibnnnic  stages  iii  not  com- 
municalinif  with  the  nii'«enten>n  at  any  time  in  their  formation. 
In  thp  d.-volopni('iit  of  tbofle  binder  somites  it  is  probable  that 
tlie  |»>Ur  itie^blast  ct-lUi  take  an  important  aliare. 

Concerning  the  further  development  of  the  somites  some 
intoti-atiiig  detniU  wv  given  by  Hatecliek.  At  the  commeQce- 
mciitof  the  larval  ]ifriod.  i.r.  about  tJit-  time  of  fonnation  of 
the  month,  each  somite  ('*/.  Figs.  32  and  -12)  becomes  diirided 
into  •  diintal  portion  or  prDtovertebra,  nnd  a  ventral  portion  or 
lateral  plate. 

'Hio  proloPert*'bni'  rt-tain  the  original  segmental  arrange- 
ment, I'-f.  the  cavities  of  successive  protovertebne  remain 
•(*]Mnile  from  one  nnifthor;  but  in  the  ventral  portions  of  the 
■iiinit)<«,  or  lateral  plates,  llie  i^pla  become  absorbed,  and  the 
raviliftM  niton  into  one  nnothrr  along  the  whole  lengtli  of  the 
^*<ly,  fonuing  n  continuous  botly  cavity  or  cvtom. 
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of  Uit-  prolovortolfm^is  s\i6kvn  nf  ax  it  myoBtel 
(Fig.  43,  CM) ;  and  at  a  stsge  when  five  primary'  gill-«lit«  aru 
preseot  (r/.  Fig.  30)  tlio  myoco-ls  of  oiuOi  pair  of  protorprtebrao 
conunutiicntf  witli  each  other  iibovo  titv  spinal  cord  (FifT.  42). 
the  outer  tir  |>ari<;(nl  -wall  of  tlu"  |irotOTeit«bm  is  very  thin,  and 
cloM-ly  n|>plied  to  the  epidermis  :  it  gives  rise  to  the  cutis,  or 
cunnertivf  tiseue  baais  of  (he  skin,  nnd  may  !»  apoken  of  m  the 
estii  layer  (fig.  +2,  cv).  Th« 
inuer  or  uotuchunhil  wtill  of  the 
pnttovcrtJ>bri.  as  nlreaily  iioticei] 
{p.  07),  Uiii^kKQs  very  jfreotly,  and, 
though  stiU  remaining  only  ono  ci^ll 
tliick.  becomes  conr^Tted  into  the 

mvotomic  mawles  (Fig.  42,  .ML),    ch -f^=^^^Si-.^^ — c« 
Th*.'   luwcr  or  viaoentl  vail  of  the 
pnAovi'rtel^ra,  like  the  parietal  Mitll, 
is  thin,  ant]  is  in  coiititft  nith  the 
dorsal  wall  of  the  nlitni-otAry  cnnal, 

Tbe  cavity  of  the  lateral  Piatt's, 
or  ipluuiluioral  (Fi^.  42.  cs),  is 
cuBtinDOtu  from  end  (o  end  of  the 
body,  throngb  alworption  of  the 
betwe<»n  the  suceesfiivo  uo- 
iten  ;  it  is  also  coiitintious  from 
fiil«  ro  side  acroe^  the  mid-ventral 
pl*ne.  The  walUof  tli«  Mplnuch- 
Boca-1  aro  thin  ;  the  outer,  or 
l«rii>Ul  layer,  is  in  contact  with 
the  rentml  epidermis,  while  the  Inaer  or  splanchnic  layer 
elolbps  Uie  aides  nnd  ventral  wall  of  the  ilimi-'Otnry  cnnnl. 

In  tbe  later  sla^»  impurlant  chnngea  occur  in  tboBD  rcht^ 
Uotut,  and  the  condition  immediately  after  the  completi<»i  of  the 
Urval  period  is  shown  in  Fig.  4:}. 

Tbe  myoc(L-hi  now  oxtund  vontrahvnrds  ninth  further  than 

are,  MO  that  the  |iarietal  layer  of  the  i^plntichiuira;)  (Fig.   Ui, 

ii  no  loogf  r  touches  the  cpidcmiis.     The  median  dorsal  ami 

woitnil  parta  of  the  myoccBis  have  swparated  otf  a»>  tlie  oonipart- 

ilBfaits,    Df  nnd   vr,  of   the   dorsal  and  wntml  tin^,  which  mv 

prominent  Bti-nctorea. 

llio  TeiiLnd  or  splanchnic  wall  of  eadi  inyoael  is  folded  lo 
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Pifl.  4}.— DiiKiaiuiniUic  lmi» 
*ene  nootjvn  loroM  tli« 
iiiKvtmol  ngiUia  of  nn  Atn- 
phiuxcw  Urvn  wltb  fit« 
primary  kiI1-«1>Ib  '■  ff-  ^%'  ^^■ 
(Afior  HJUMlialc.} 

OStlHiMclarL  ClCnivtuL 
06.  v>MielMH<«l.  OtTi  mu* 
■•JO'.  BP.eiMtmU  I.<t<iul 
f4r«1,  BU>.  Eijubmltf  nrawl^ 
TL  IntawUm.     V.  ^^iibMliwt 
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form  «  powcl).  wMob  pxteiiilo  ti]'waril!'.  l>elwei'ti  llifi  myototnf  on 
thp  oot^v  aide,  and  thi-  notochcird  and  spinal  eord  on  the  innoP 
ode.  The  oalfT  wall  of  \h\s  pnach  (Fig.  43,  mf)  iMHToniee 
tho  faBciu  covering  t!u'  iiiin?i-  fnirfncf  of  llii!  mvotoiBt';  »-liile 
the  inner  wall  of  th^  ponch  (Fig.  43,  ns^  gives    ri«^   to   the 

skeletal    ooDiiective  tissne,   whidi 

ar^ g^  'f  ia^'cetsthe  notochord  and  lb<?  spinal 

oonl.  TliP  cavity  f>f  tJie  [jouch 
Ijpcnmes  ultioialeil}'  obUtcrntptI  by 
,EP  [rr<mtli  of  the  crainf-ctive  ti«8u 
MNTf:"]!!  iu  tlif  »nt«iior  three  or  foi 
•wgDienta  oC  tlie  body. 

'ilii?  splanchnoctpl  (FJg.  4-3,  o) 
CH— »-fe.  I      undei^cs  but  slight  niudiGculion. 

It  extendi  further  dorsalwardtt  than 
belbre,  and  almost  complett-Iy  wir- 
i-onuds  the  alimentanr  canal,  cut* 
tingoMtthw  myoctf!  fi-om  it«  ronn«r 
BhaPf  ;  while  ihtf  myt)C(id  in  ilK  t  uni, 
owing  to  H»  veiitrni  extension,  shuts 
ont  the  spIsDchnoccclic  wall  Iroin 
vr"     llV  all  contact,  with  the  extemid  epi- 

dermis. 'J'liL-  splaiichiiocoel  beoonies 
the  body  carity,  or  coelom,  of  the 
ndult. 

It  is  interesting  to  nulv    ihat 
cvoti  at  thia  stAge,  when  the  larva) 
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Via.  4S. -UlagramtiiuUc  tnuif- 
v*r»c**inion  ncrnss  n  )-miiiir 
Am^liloxuniiiiiu'vluilcly  nftcr 
llifi  coniplfition  of  the  lorviil 
pi!rl<Hl.     The  ■ccliuti  is  iski^ri 

pon:  m«l  llio  aouB.     (.VRit    development  is   completed,  all    (ho 
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parts  of  the  body  are,  as  in  tJie 
Karlicr  stiigvs  aln-ady  noticed  IQ 
this  rt'ripect,  made  up  of  epithelial 
layers,  which  iu  each  caiio  are  hut 
one  coll  tliick  ;  tlin  cmnplications  in 
vnriouB  ix-gion*  Ijoing  brought  alx>ut 
by  diff^rpocea  in  the  shnpea  of  (he 

cells  Bt  differtMit  phiceti,  togHber  with  fuldiugs  of  the  walli^  of 

the  Bereml  cavities. 

The  origin  of  the  cuiincctivo  iiwiio  Ja  not  dcformi nt-d  wilh 

certainty.     JTatiichek  considers  that  it  is  at  Brst  of  a  gelatinous 

nature,  probably  formed  by  excretion  from,  and  between,  the 


JLf  flor**!  «ailA.  CHi  »"■<>' 
rlx'nl.  OH.  "'y"""!.  CB. 
■|kWi4^hiE.'(4iI.  CtT-  fifili  iBvcir, 
DP..MiTil;  ut  ilulul   Nil.     EP. 

quiilonui*.     H8.  itfi«tr>in'iMii> 

BHUalf-tMSlll  lulrl.      ULi  Ul>ll 

WHVl-  VT>iv*ltX  vf  ToiifnJnn- 
(Cbin|>u«al><>Flj>.«'ui>1  (LI 
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Mwritl  i-fiit})i0inl  layers ;  nny  ccIIhIhi"  oli-mciits  It  mny  obtnin 
being  ficrivf^i  by  niigmtioii  from  thi'se  e[)ilh(>linl  Iiijera. 

0,  The  Asymmetry  of  the  Lftrra. 

Thn  asymnii-liy  i>r  tlic  larva  during  it.4  pnrly  stitgee  in  one  of 
the  most  striking  rf^altires  id  tbc  developiaent  of  Aiuphioxu?, 
Tbt  fnct  tliAt,  but  for  iha  niternation  of  (lie  uiyolomes  on  the 
Iwo  sidpBof  th«  body,  the  embrj'onic  stngf*  ai-e  symmetrical ; 
■nd  tb«>  fnrtj)«r  fitct  thiit  at  tti»  close  of  thp  larvnl  p<'rio4l  th* 
»yniinrtrj-  is  rt't^iiicd.  iudicnte  lliat  tfie  nsyiniin-trj-  of  the 
earlier  larval  stiip^s  is  a  eecoiiclnry  or  actjuipod  character,  unci 
that  the  ^xplMiation  of  it  i»  prohnbly  to  l«  found  in  pcouli&ri- 
tie«  of  habit  or  fm-irounii'iit  of  the  larva  Juritijr  tlii-w?  slage*. 

Hie  canliiial  point  iu  the  asymmetry  of  the  larni  is  the 
lalor*!  position  of  the  mouth,  wbicli,  coupled  witli  ita  huge  ajse, 
ifl  pn>)uit)ly  ^afticient  to  explain  the  dii^laceinent  of  the  gills  of 
the  loft  sido. 

Willr^'  has  ongge^ted  tliat  the  lalcral  position  of  tlie  tnoutli 
i«  correlated  with,  or  actimlly  due  to,  tho  anterior  extenfiion  of 
thi*  iioUchonl.  The  inodr  of  dcvplopuient  of  this  front  i-ml  of 
thr  nof'icWnl,  and  a  coiiipftrip«>n  with  otlwr  Vcrt^^brofes,  strongly 
sagg>-«t  timt  tlie  prolongation  for^varda  in  front  of  all  tho 
otbiT  organs  of  the  howl  is  a  secoiidnry  feoture,  associiitod  not 
jmprobAbly  with  the  bnrrowiug  habitti  of  Amphioxns;  and  if 
WW  aasmm-  that  tlii_*  nncpstrnl  mouth  »vii.f,  as  In  Hii-  Ajwidlan 
tadpoW,  dorsal  in  i>Oflition,  thi-n  thi-  forwanl  growth  of  tlic 
tiotocboitl  «'uuld  of  necessity  coti^-  Inteml  di»|jlac^meDt  of  the 
mouth.  The  suggestion  ia  an  ing<>Dioiis  orp,  and  may  be 
aoe»plt'd  he  at  any  rato  a  prariMOnnl  cyplanation. 


lit.  THE   ADOLESCENT   PERIOD. 

At  tbo  clothe  of  till*  larral  |>eriod,  t.«.  at  tlie  complcttoo  of 
tke  nitical  etair<>,  the  young  Antphioxns  abandons  )t«  pi-lagic 
habits  and  burrow*  into  th"  'saiid,  whore  it  paitfws  thi.'  rwt  of  ila 
lif*;  burying  itficlf  upright,  with  Ihi*  tail  downwards  and  the 
Imccal  hood  alonr  projecting  fi-oni  tliP  ^land. 

The  further  ilfrvclopment  takes  place  gradnally.  Tiier*  is 
a  tl4?ady  increaw  in  eizo,  but  no  new  myotflmes  arc  formed,  llie 
full  number  being  present  at  the  critical  stage.     Tlic  gill-stite, 
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on  tlie  cr.iilmnr,  iiicrpnse  greatlj  in  ininihpr,  hcw  ouea  liciiig 
added  oii  at  tLu  iiiiidei-  tjud  of  the  series,  apparently  tUroiigliont 
the  life  of  llip  animal.  Each  new  ^ll-slit  (Kig.  !15.  l')  becxjiiie^ 
divided  into  tvFo,  at  an  enrly  ^Fae^o  in  its  doveloptnciil,  bjr  the 
growth  dnwiiwartls  of  n  tongur-bar  fi-oin  its  doiMil  border,  jnsr. 
a&  in  till-  i-Hi'liiT  formed  slits.  Tin-  slitx  furlliiT  bt-coiiio  diviJi-d 
trangviTitoly  by  the  horizoiitAl  huTS  cliaractomtic  of  the  adnlt 
(Fig.  35,  l).  Owing  to  this  increase  in  iiuiiibcr  of  the  gill-slits, 
witliout  any  iucreaso  ui  the  number  of  the  myotomes,  the  corre- 
spoiidoDCK^  belwocn  tliv  two  sets  of  ^tractarcot  is  speedily  lost } 
the  nliiii(>nt/iry  canal,  and  the  body  generally,  each  acquiring  a  < 
metanirrisin  of  its  own. 

The  Reproductive  Organs. 

The  i-c productive  organs  are  formed  by  pruUTemtiou  of  tho 
epithelial  ivalU  of  the  ^'ptn  which  divide  tho  sticc«§sive  somit*^ 
from  one  another.  Each  of  these  i^epta.  (rf.  Fig.  31 )  is  fonned  by 
the  coalescence  of  the  p(jst(;riur  irnd  anterior  waits  of  ndjocrnt 
somiteit,  nnd  consists  in  th<?  young  Ain|d)icixuB  of  a  thin  conneo 
tire  tiefiue  Innielln,  plutlied  on  ench  siirfaco  by  a  single  lftj*er  of 
flattened  cpitht^liul  celln,  thuau  latter  btiing  really  parts  of  the 
walls  of  the  protovertebne. 

In  young  specimwi.s  of  Anphioxus,  of  about  5  mm.  length, 
the  epithelial  Inyw  becumi-s  modified  over  a  Vfiry  finnll  patch  at 
tho  outer  uiid  lower  corner  of  tht'  ^eptutii,  in  the  angle  between 
the  parietal  wall  or  cutis  layLT,  and  the  viscei-nl  w.ill  of  the 
protovi-rfebrn  (cf.  Fig,  U,  on):  at  this  spot  tho  celle  become 
cubical  or  columnar  in  idiape,  while  over  the  rcet  of  the  septum 
they  i-emain  flattened. 

ThiB  inodititation  does  not  occur  along  the  whole  length  of 
the  body,  but  i«  from  the  first  confined  to  the  soinitca  in 
which  the  ivpiiiductivo  organs  lie  in  the  adalt  iinimnl :  i.e.  the 
patcheKof  niodJtied  epithelium  are  found  on  the  septa  forming  IJie 
walla  of  Ilie  soiciitts  from  the  tenth  to  the  thirty-sixth  inclusive. 

Tho  modification  affects  tho  cells  of  both  surfacea  of  each 
septum,  but  the  cells  of  the  posterior  surfaco  are  almost  from 
the  first  of  larger  ifize  than  thnge  of  the  anterior  surfnca.  and. 
growing  much  more  rapidly  than  these  latter,  push  the  scptmn 
forwards,  and  project  liito  the  segment  in  fi-oiit  of  that  to  which 
thoy  really  belong,  ns  a  ttmallstnlked  knob,  to  which  the  celU  of 
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tiM  antt^rior  fiurface  of  tbo  septum  form  a  follicular  epltlieiiftl 
inTMtineDt. 

HustekDolMirachoTwhicli  is  a  twliil  irnu^a  ofrnlnrgodepithr- 
lul  cells,  ^;ulaal)y  iucrt>iiee  in  sw,  fxtoiKlIng  fonvarcia  uutit 
llwqr  uUimnU'ly  o<;cii])V-  tlio  wliole  l<>ngtli  of  the  ^>^ii«>iil8.  llw 
cavitieA  ui  which  thcv  liu,  really  parta  (if  iJic  myoML-l  (Fig.  41 ,  CM), 
wtdon  ctiusiderably  lo  allow  for  this  !iici'eas<>d  oize.  aud  iii  epeci- 
oiens  of ftkoat  I^orlDnim.lon^L  b^'conif  i^litit  oH'tvimplol^ly  fmni 
tlw  rwtof  the  myocrrl.  Qnveri  has  pro|x>!ipd  tlio  trnii  ^BOtome 
(or  this  portion  of  thu  somiti*,  wliich  is  r<pecia]ly  corm(-ct«-<i  willi 
thia  reproductive  orgftiin,  aud  wUich  is  oitly  fouml  iu  the  somilO'S 
ftwu  the  tenth  to  tlie  tlilrly-iifth  or  tJiirty-iJixth,  in  wliicli  tliene 
uc;putB  lio ;  hr  ha»  furtli<-r  dtn%t(.-d  attvutiuii  lo  Uio  fact  that  tJiv 
poaitionat  wliidi  (liv  n-pnMluct iv<t  orgnii»  nppi^r  in  Am])Iiioxuit, 
eloae  to  tlu>  line  of  Beparation  lietwc^ii  myoeu.']  aud  splancli- 
noccel.  corres|Xiiids  very  nearly  !o  tliat  which  they  Iiolil.  in  the 
earlier  stAge^  of  tJieir  dewlopni^nt,  in  tlio  higher  Wrtebralce, 
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of  HbcfCNooptcil  Sci«Qoe.  Sv*  Sai*".  uaiL     Vm. 
Vtlimio.  B.   n. :    'On  Uultlplo   an-1    PnitUl    Poiiikiiinicnt   ht   Ampfatoxn*.' 

AnHiniDti«liar  Anwi^r,  vii.  11^:93. 
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ClIAPTKR   ITT. 
TUE    DEVICLOPMENT   OF  THE   FROG. 

FkoOS  1}eloii|2-  to  the  class  Aiupliibia,  of  whicli  toads,  iiewu, 
and  tiitlnrnnii<li-TS  ure  «tli(>r  woll-knon'n  invrabcrK,  while  le^ 
fumilinr  pxamplcs  aw  nffbrded  by  tht>  axololl  of  Mexico,  rhw 
l*rot«us  of  the  «ive3  of  Caruiolu  and  Dulniatitt,  the  crypto- 
brauch  of  Japan,  wliiclt  atlams  n  longtb  of  tliret?  feet  cir  more, 
and  tli&  onrioiia  snntce-liko  CVcilia  of  tropical  coimtricg. 

Aa  a  gr()U]i,  Anipbibia  nro  cbnnu-teriited  more  cspocisllT 
hy  the  drniblp  nntiii-e  of  iJieir  hncnllung  or^tuis.  Wbeti  iidulr, 
tb^j  nil  hitv^  lungii ;  but  in  t^Iie  early  utagea  ofalmot^  nl!  gentMti, 
and  tliroiipboiit  life  in  a  lai^e  number,  inn-  gills  are  prt'tteiit, 
correspouding  in  structure  and  m  mode  of  use  to  those  of  fish. 

In  the  fro^  itneit  these  Jf'l'*  '"*-  only  preitetit  during  the 
early,  or  tndpolc.  period  of  fxislunco:  in  the  later  sta^s  they 
nil-  roplnccd  I'uiictionivily  liy  lungs,  and  in  tlin  adult  they  luivii 
dlE«app<-ui'i*d  fiimpK-tely.  TV*  frog  is  thus,  Iti  the  counw  of  its 
own  lifu  hiritoiT,  tninsforiiied  fmm  a  water-brDiLtiiin^  (o  an  air- 
biVAthing  nnhniil :  anrl,  in  nccordiuice  vilb  thp  principip  of 
llecapituhitioii  vxplnirird  in  the  iDtrciductorv'cbwptfr,  thin  Imiiit- 
formntioD  ia  to  be  interpreted  fta  indicating  tiiat  froga  are 
descended  from  fisli-like  nncetitors,  eacli  frag  in  its  own  develop-' 
meat  repeating  the  nncesti-nl  history. 

Th^  frog  tbii»  holdit  a  ]>i>Kittoii  midway  between  Fish  and 
the  higher  \>ri*bratee;  and  as  frog's  eggs  cau  readily  Iw 
cbt^iiufJ  in  large  numbera,  and  the  embryos  and  tadpoles  develop 
well  ill  cupl.ivily,  thr  frog  lM:comos  a  very  convenient  and 
instructive  form  for  pmcticEil  laboratory  study. 

GENERAL  ACCOUNT  OF  THK  DEVELOPMENT 
OF  THE  FROG. 

JVogs'  epgB  are  laid  in  water,  usually  doring  T^larcb  or  lliP 
•Bwly  pnri  of  April. 

During  the  act  of  oWposition,  which  may  lost  several  days, 
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thr  mail.*  frogcliups  tbc  foinule  lirriily,  embmciiift  li^r  witL  liii^ 
arroi> ;  and  as  tlie  eggs  are  passi-d  ouf  troin  tJit>  cloaca  of  tli« 
fi^mnlc  into  ths  w»top,  Ihpy  ure  lerlilised  by  PiKTmatotoa  dt^ 
chared  over  tlicin  Iiy  the  tnde. 

The  cgg^T  wliitrli  nre  very  natnerooa.  are  small  Bpberioal 
bodtM  ftboat  1-75  mm.  in  diamcier;  thoy  wte  invested  by  thin 
co«tiDg!<  of  Bii  nlbfiminons  Hohslance,  whicli  sw(>i!  up  rrrr 
(freotty  'm  tlie  nittt-r,  and  stick  together  to  Hirni  tUe  I>ulky 
tnasaM  we  call  frog'e  spawn.  Sadi  spawn  consists  of  a  trans- 
pirent  gplatinoiui^  maas,  fnrtned  by  the  Kwollpn  nthuniinouH 
matter,  in  whicb  the  eggs  arc  embedded ;  tlieeo  Inttcr  app«.-&r  as 
small  spliericul  l)odi<-M,  cwb  [in'»^ntliig  a  black  half  and  n  nliite 
faolf. 

If  a  namber  of  hen's  eggs  were  broken  iiiln  a  banin,  care 
being  tnkcn  iKit  to  i-apttiro  tho  yolks,  n  miit^s  would  bo  prodaccd 
eimJUir  to  frog's  spawn  ;  the  yellow  yolks  oorrMponding  to  the 
frog's  e^rs.  niid  th*.'  ivhites  or  nlbuintnoiiti  Uivestinents  of  the 
jolkK  to  (lie  gelatinous  matrix  of  the  spawn. 

The  frog"*  eggi«,  luid  in  lltix  way,  and  fi.'rtili»"Hl  by  :<p«-min- 
toooa  shed  over  thein  by  the  male.  Iiegin  to  develop  at  oiicv. 
Tbo  rnte  of  development  dopeDdi)  very  largely  ou  the  teupeni- 
turc,  and  varies  w-ithin  very  wide  limits,  warmth  hastening 
development,  and  cold  retarding  it,  Fr*M?zing  nf  the  water  in 
wbicli  tbc  cggH  are  kept  merely  n-inrds  development,  iind  does 
not  injure  tJie  egg»,  providetl  the  e;:^  themselves  nre  not 
M'lually  frozen.  The  times  mentioned  in  this  chapter  may  Ih> 
takiu  OS  representing  the  average  rati*  of  <k'velopment  in  this 
ciMintty. 

ISacb  egg  i^  at  tirst  xpherical.  and  remains  so  during  tb« 
early  6t,^gi-ff^  of  development;  at.  the  clo««  of  segmentation  it 
bcoomcB  slightly  ovoid,  and  iben  rapidly  increases  in  length.  A 
transverse  mniitriebtOD  nppeara,  cepanUing  the  head  from  the 
tnitik,  and  the  (ail  bads  oat  as  a  t>roall  process  from  the  hinder  end 
oTtbeenibrTo.  TIte  embryo  soon  liecome^  fish-like  in  appearance, 
the  tail  growing  wry  mpidly  ;  two  pairs  of  branching  tufts,  the 
external  gills,  fbllnweil  shortly  by  a  third  pair,  grow  out  from 
tbc  sides  of  ibo  neck,  and  in  about  n  fortnight  from  the  time  of 
laying  of  the  egffs  the  young  tadpoles,  now  about  T  mm.  in 
leitgth,  wriggle  Ibeir  way  out  of  the  gelatinous  mam  of  th« 
Spawn,  and  ^m  rVe<>1y  in  the  wnl^r  (Fig.  44,  t,  *). 
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Xt  till-  tiiiiii  of  liatcliiag:,  thi^  cloaca!  ojipuiiig  is  olroadypi-eaent; 
but  the  tadpole  has  no  inoutli,  and  is  dependent  for  nntrilion. 
OH  it.  \itut  be«ii  during  nil  thu  itarlk-r  lita^'N  on  the  granutirs  of 
food-yolk  eoutained  in  the  egg  it««ir.  A  horse-shoe  shaped 
Hiicker  iR  present  on  the  uudt-r  surface  of  the  )i&.td,  by  which  tba 
tttdpulu  atUichue  itisclf,  at  lirst  tg  the  gelatinous  maoa  of  tha 
ftpawii,  mi<I  later  oti  t^  woi-ds  or  other  obj<.i;t«  Iti  ihi  water. 

A  few  Jayg  after  hutclijng.  the  mouth  uppearii,  bortlerwl  by 
ft  pair  of  horny  jnn-9,  and  frin^  witJi  lle»by  lips  atudded  with 
liorny  pnpillii!.  The  nllmoDtary  canul,  which  has  Iiitliorlo  b«ftt 
short  and  wide,  vapidly  increai>i^s  in  length,  l)«coming  tubalar 
and  convoluted;  the  Htm-  otid  pimcrt-as  an*  formed;  and  the 
todpolc  fcede  eagerly  on  coafervae  aod  other  plaut«,  enpecially  ou 
decoiri|>o»^ii]{f  vogetttbic  iRatt(.'r. 

AboLt  the  time  of  appenranca  of  the  mouth,  i.e.  shortly 
after  hntchliif^,  a  series  of  four  itUMike  o|x-uin^s,  the  f^ll^ltill^, 
appear  on  each  side  of  the  necli,  leading  from  the  phaiynx  to 
ihe  exterior.  Tlie  margins  of  the  til  its  bccotno  folded,  and  form 
tht)  intcrnnl  gills;  Ihrexf^rnal  gills  nt  tho  same  tiini! di-crcoaing 
ill  aiiee  mid  l>eci)iiiii)|^  HhrivelleJ  in  nppi^iirance. 

While  the  intsrnal  gills  are  developing,  a  fold  of  ekin,  the 
operculum,  apprars  on  each  side  of  the  head,  in  front,  of  the  gills. 
'J'he  two  opiTculnr  fohlo,  which  ¥otHi  bfOOiin'  continnon*  with 
each  other  across  the  ventral  surface  of  the  head,  gron-  back- 
wards over  the  gills  so  &»  to  iiiclofie  tli^in  in  ^1 1«chamber8. 
Towards  the  end  of  the  fourth  week,  the  hindt-r  i-dges  of  the 
Ojiercular  fohhi  finte  with  the  Ijoily  wall  iilon^  tlm  right  side  and 
acroBs  t.IiL-  veiitrul  surface  of  the  bead.  Oil  tin-  left  Side  a 
spout-like  opening  remains,  which  conimimicates  with  the  gill- 
cbamher.t  of  both  Ktdcs  ;  tbrtiugh  thix  opviiiDg  ihi;  water,  takea 
ill  at  the  luouth  for  respiration,  and  passed  out  through  the  gill- 
slitis.  ijinkea  ites  escape  to  the  exterior  ('/.  i'ig.  8«i). 

During  this  tiino  the  tadpole  baa  been  fooding  freely,  and 
has  greatly  increased  in  aise.  The  iKidy  (Fig.  U,  s)  is  broad 
and  round  ;  the  tail  is  much  hirger  Thau  before,  and  forms  a 
powerful  vwiuimiiig  organ;  while  the  sucker  on  the  under 
surface  of  the  lieiid,  though  still  present,  is  small,  and  divided 
iuto  two  a^parau?  halves ;  and  in  but  little  uged. 

Verj-  ahortly  aftt^rwaitls,  rudimente  of  the  hind  linibe  can  bft 
seeo  as  a  pair  of  »uall   papilUu  at  the  root  of  tlic  tail,  one  oa 
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fAch  ^illu  of  tlic  cloucul  0|}eDiDg  (t'ig.  71)  ;  the  liinliv  hicn'aM* 
ntcadily  in  eiw? ;  about  tlio  eovoDtii  week  tlwry  become  divided 
into  joints,  aud  n  week  or  m  Int-er  the  toc^  nppanr.  Thp  for^ 
limbs  arise  about  the  aaine  time  an  tht-^  liiod  linibe,  but  iim 
covered  b^  tlie  opercular  folds,  aud  bence  do  not  become  visible 
until  n  Int«r  rtagR  (FigB.  84  and  85,  LA). 

To«ardH  tlio  end  o{  ihf  Bi-cond  month  thf  lungs  come  into 
wac,  aud  the  tadpolefl,  which  now  have  the  fonn  Hhomi  iti  Fi^. 
44,  t  and  10,  frequently  come  to  the  Burfat^^  of  tho  water  to 
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PlO.  14,— V»ruiu«  «tafro«  ia  Lko  (lc*«1opment  of  tlio  Prog. 
(Pratn  Hruhm'*  •ThierlcUn.') 


L«li)INhU.  9,an  •knijktin' lajini.  3.ial|alr  tboniitiahn  NalcMaa. 
4,1#lwfcp  Im*  IwioI.pI.  Bm>I9.  UulM>»i>wm>t(rtuilflIK  7  Mi-l  8.  IwlptKi  >Wi 
MI7 IMhI  «r««l<(  robU  eu410.t«4|Mtn  wlUiaxl-rftorrioprdUiKllaV^ahaRtT 
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bt«ath«.     Tlio  ^lU   b*-gln  to  drg<-n«rnti.',  but    for   some    time 
lyffjiiration  i^  can'ied  on  both  by  thi>  gtlU  and  the  lung;. 

A  fortniirht  or  tltire  weeks  tat^r  a  distinct  D]?l8mDr|)l)i(ntis 
occuTP,  wherL'by  ihi*  tadpole  becomes  trmnsfomied,  from  (lie  fisli- 
likr  condition  in  which  it  has  hitherto  been,  to  the  piin>ly  air- 
breathing  BtHt>>  chanicteristic  of  the  adult.  The  tadpalo  ccasea 
tt>  feed  ;  a  casting-,  or  ecdyas,  of  the  outer  layer  of  tl»  skin 
takes  pWc;  thr  litrniyjnwii  itm  (brown  off:  the  lar^  frillecl 
Up«  elirink  up  ;  the  mouth  loses  its  rounded  suctorial  fonn  and 
beconm  much  wider;  the  longae,  previouBly  email,  incrcaecfr 


94 


TllE  KROtt. 


ooQwdorHbly  in  si?,**.  The  eyes,  which  as  yet  have  been  suiall, 
become  larger  and  inorc  promineiil .  Thi-  fum-lunbs  ujijicar,  the 
lelb  one  being  flushed  tliraugh  the  spnut-like  apertui-e  of  tho 
gill-chamber,  nail  the  rij^lit  oul-  fopciiig  it*  way  ttimugb  tlw 
opercular  fuld,  in  which  it  IcnvM  a  rnjfg^d  hohr.  Tlie  abduineD 
T'hHnlie;  tbo  stomach  and  Uvlt  viilnrgt;.  but  the  luteetlitu 
l>t-coiiie3  coiiciidernbly  flhi)rt«r  ih&D  befbitt,  imd  of  f^mikller  dia- 
meter ;  ihv  Aiiiuml.  pi-eiiously  «  vegetable  feedt-r,  now  becomes 
caniivoroua.  The  )<ill-clefte  close  up;  the  g'dU  themeelree  are 
^mdanlly  iibsorbi^''] ;  uml  ImpoHtiiil  uiudilicitioDS, nccampsnying 
tlirt  change  in  ihe  mode  of  breathing,  occur  iu  the  hlood-vemels 
of  tbf  pbaryox.  The  kidncyii  uudergo  coufiiclerable  changuai 
the  bladder  is  formed  ;  and  vuxtinl  (UtfiTi'iitLiitiua  is  delinilely 
estnbliitli^id.  The  ttui,  which  is  still  of  greiU  letigtli  (Fig.  4-1,  ii), 
DOW  begins  to  ^horleu,  tmd  is  soon  completely  absorbed  ;  the 
hind  legs  lengthen  ooiieiderably,nnd  the  unima]  leat-es  the  w»ter 
OS  a  frog. 

By  prL'Veutiiig  tadpoles  from  breathing  air  directly,  bs  by 
placing  a  wjiv  net  an  inch  or  so  bulow  the  suriace  of  the  water 
in  wlticli  they  are  living,  the  occurrence  of  tlie  laetAmorphuMB 
can  be  indeSuitely  deferrt^d.  Under  these  conditions  tadpoles 
increase  gi-eotly  in  hiz^,  but  <lo  not  become  truisfomed  into 
frogfi. 

In  the  remniiider  of  tkiK  oliapter  the  eeveiiU  stages  in  the 
dcyelopniunt  of  the  tudjKilc,  and  the  furniatioa  of  the  Tariona 
organs  oiid  avsteniSj  will  be  de8cnl>ed  iu  detail. 
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1 .  Fomutioa  of  the  Egg- 

The  early  slace^  in  the  ibniiation  of  the  «pgi  cannot  be  seen 
in  the  odutt  fiog.  but  must  be  »tu;lii-d  in  tiulpolcs. 

In  tadpoles  of  about  10  mm.  length,  shortly  after  the  open- 
ing of  t.he  luuuth.  H  pair  of  longitudinal  ri()K4.>-1il<L'  tbiekenmgs 
of  the  peritoneum  appear  along  the  dorsal  ssurface  of  the  body 
cavity,  close  1o  the  root  of  tlie  mesentery.  Thetie  genital  ridge* 
uro  found  in  all  tadpoh's  alike,  no  differenco  of  sex  bulng  esla- 
bltshed  until  a  considerably  Inter  period. 

Each  genital  ridge  ix  at  firttt  due  merely  to  a  modificnttoa  in 
sbape  of  the  peritoneal  epithelial  cells,  which,  eUevrli>ere  flattened. 
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lie  berj  cubical  ar  uliglitly  c-oUinintir.  'Hic  ridgoe  soon 
beoome  more  promioent,  et<iH*ciaUy  at  thoir  anterior  rnds,  their 
growtb  Wing  dutf,  purtly  to  iiicri>ase  of  rlie  cpitlietiul  vvUs  hy 
Ttp4»ltd  diviiiioD,  tht^  epitbeliul  Inyei-  bccomiug  several  c«lla 
thick;  and  |Kirtly  k)  itigmwth  of  nii  nxinl  core  oT  ctmnectire 
tivoe,  from  tlte  budal  uiuiubruac  of  tUt*  poritoDeum,  along  which 
lilood- vessels  gain  acce^  to  the  ridge.  Thit  fuiterior  t.)iir<l  of 
(•oh  fKonital  ridgo  untli^ri^uos  dcfifvimraLlve  ehmigefi  at  nn  i*arly 
perin)  (Tigs.  85,  86),  und  ultimaUrly  becomes  tlie  fat  liodjr  of 
tb«wlnlt;  the  posbrior  two-tliirds  develop  into  thi*  reproduc- 
tive organ,  oit. 

Ai  BD  early  aingc,  rertain  of  tJie  epithelial  cells  of  tlu-  fi^L-Qital 
ridge  become  roiutpicwiu.iLy  tlicir  tui->;iTsiKE.>  niitl  more  spherical 
ahnpa  ;  tliese  are  the  primitiTe  ova  •>■-  gonoblatti.  Bonnd  each 
primitire  orotn  the  neighbouring  cellK  become  niTanged  so  as  to 
tana  a  ea|iBule  or  follicle  ;  the  follirU^a  fonning  diHinct  projeo- 
tionsoD  tli«  snHace  of  the  genital  ritfge.  Ji'ow  ptimirive  ova 
am  formed  from  the  mirfiKc  epjlhi^liimi,  atid  altw  hy  diviiiioa  of 
those  already  pn-^mt;  tli(.'y,  al»o,  soon  become  inclosed  iu 
fi>lticle*  foruit-d  by  the  neigli^nmring  ci^IIh. 

Sexual  dift'erontiation  appears  at  the  time  of  the  tnetamor* 
piboais.  In  the  female,  the  cliaoges  ooDsist  P8!*enlinlly  id  a  great 
iDcrrase  in  the  n'ue  of  tlie  genital  ridgc«,  which  now  bvcome  the 
ovariea,  and  in  the  nunibtrrof  the  contained  folUcleti ;  and  in  t]>e 
fixiDatioa  of  the  permanent  ova  or  eggs.  The  perniAueat  ova 
ant  lonoed  from  the  i<riiuitivi!  ova,  but  dit1<Tv*nt  accounts  have 
born  given  of  the  details  of  tlie  procees,  and  it  is  poasible  tlukt 
they  are  not  the  same  iu  nil  caMR.  An  a  rule,  each  primitive 
0%'Qm  divides  rapidly  to  form  a  neat  of  O-'IIb.  oni?  of  which 
becooiea  a  permanent  ovum,  while  the  rest  form  part,  of  lh»- 
foUielft  which  surrounds  it,  and  serves  for  it«  ppotection  and 
QUirition.  In  other  cases  it  is  stated  tliat  a  primitive  ovum 
may  become  directly  conrerled  into  a  permaaeiit  owm. 

The  {>cminn<:-nt  ovum,  in  whatever  mannor  it  is  fomtcrd, 
liiflfrn  from  the  primitive  ovum  : — (i)  in  it«  much  greater  si*e  ; 
(u)  ia  poues^g  a  very  large  vt»iouhu-  nuclfUK,  or  gnrmiiml 
vesirle:  and  (iii)  in  containing  a  number  of  yolk-gran utes,  im- 
bedded io  the  pnttDphum  of  iti^  cHll-body. 

The  egg  nucleus  or  gvrmiiuU  viMticIc,  is  a  Kpliorical  capsule, 
with  a  diumetcr  of  from  one-third  to  half  that  of  the  ovum  itself. 
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It  conustti  of  a  thick  elni<tic  nRctt>ar  meinbnuK>,  appAn>nUy  pcr- 
furattid  bjr  6no  nidinl  pon-»,  and  incloning  u  watcr>'  nucli-ar  fluid ; 
the  Ulter  ia  traversed  by  a  finely  jfi'aHular  pmtopWmic  network, 
enlarged  at  tht*  nodes  to  form  nucleoli,  or  germinaJ  epote,  of 
wliicii  onn  is  iihtially  InrgiT  tJian  thi>  olhers. 

The  yolk  granule;!  &va  small,  shui-ply  d<.-Suc<1.  spbcricnt  or 
ovoidat,  yelluwifih  particles  of  f(KxI-8ubetai)c«.  which  are  clabo- 
■■at*.'d  by  tl)i>  follicle  cells  and  piissed  on  from  tlieni  into  the 
orum.  Thtiy  art^  cnnfinrd  to  the  pnittiplaem  of  the  cell-body, 
not  penetrating  iiitn  the  nucleus.  They  increaae  rapidly  in 
nnmber  nfl  tliii  ej,'^  appmaclitfa  maturity,  and  it  is  lo  thi-m  t)ial 
tlie  sizr  of  bh[!  fgg  ns  well  as  its  opacity  are  chiefly  dnn. 

Wberi  tilt'  ejfg  hn.1  iittAiiitfl  ii  diiimeti^^r  of  alxmt  O-'i  mm,  nii 
excppdiiiply  tliiii  6tmcturi*It«>8  investment,  the  vitelline  tnem- 
lirane.  i<>  formed  immediately  around  it,  »nd  within  tbe  follicle. 
The  modi*  of  origfin  of  thp  Wtclliiic  memWano  is  not  clearly 
niu^le  oul.  but  it  seems  to  be  fciimed  from  the  egg  ilwlf  raHwr 
tbau  from  the  follicular  epithelium. 

A  little  liiiiM-,  aikI  aa  the  egg  is  appnMt&ing  its  full  size, 
layer  of  lihick  pigiiu-nt  nppcnra  on  iU  tmrAce;  ihis  itt  at  6r 
irrpgiilarly  dintribiited  over  the  whole  Bupface,  bii(,  as  the 
rippii*.  the  pitrment  beroiiies  restricted  to  mie  half  or  hemisphrre, 
and  the  dt&linction  between  the  white  aad  black  polea  of  the 
6ffg  is  thus  established.  The  pigment  h  contained,  and  appa- 
rently fnnnrtl,  witbiu  llie  t-gg  itself;  but  it  is  not  rlesr  how  it  i« 
fornicJ,  or  wlmt  |>nr])o3e  it  fulflld.  The  fact^,  that  tW  pigiiivnt 
IK  confined  to  the  pole  of  the  0gg  which  develops  most  rapidly, 
and  that  warmth  preatly  increases  the  rate  of  development, 
suggest  that  th*^  pigmont.  may  farilitnto  development  by  pro- 
moting the  absorption  of  heat. 

2.  Katuntion  of  the  Egg. 

Our  kuowledgeof  the  phonomcnnaccompanyiiig  the  mntura- 
fioii  of  th«  frog**  egg  i:*  baaed  almost  entirely  on  the  n^:^archefli 
nf  O.  ScUiiItae,  and  i«  Mill  iu  many  reapecta  imperfect.  Aii^ 
account  of  tlie«e  changes  lis£  already  been  giren  in  tlte  ii)tro> 
ductorv  chapter,  but  will  I*  rep'-aleil  herw  in  order  that  tbe 
developmental  htsloiy  of  the  frog  may  be  given  as  fully  aa 
practicable. 

The  process  of  ripening  or  mattiration  comnienoes  in  an  eg 
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wkllv  [t  i«  •till  in  tbo  ovary,  Bliortlv  IiofrirM  it  tvhcIh-s  its  fott 
siitc.  and  tb*  sucoeawve  8*4»geg  »re  »Iiown  in  Fig.  15. 

'HiB  whiilp  uiicleua  Bhrinfaj  coasiderably,  becominfr  retluopd 
to  lea  tbao  half  its  formei'  dtaiiieter.  Tliis  Bhr-inkiQ^  i?  uccom- 
panied  by  oxudation  of  part  of  tho  iiucKmif  tluul.  tbrougb  the 
nacttuLT  iiM'itibnuie,  into  tlie  prolnpliism  of  the  oell-body  (Fig. 
■t-%A,L'U))  where  it  forius  ■  lluiJ  layer  surroiindiiig  iK-  nucleus: 
ikt  th(*  some  lime  tlie  ituclcar  membrane  Lecomefl  Krinkletl, 
ita  fnrfiuft,  which  vos  pi-erioosly  smooth,  bocomiug  niecxl  into 
liMk-  wut'likt^  pnijcctions,  »a  an  to  piv^nt  an  a]i|)c-amncesomi>- 
xh'mg  like  a  blackberry  (Fig.  45,  /^). 

Within  the  iiuct«us  a  number  of  th«  lnrg«r  chromatin 
j^iidIi's,  or  naclrali,  remain  close  lt>  tlie  nuclear  inembrane-, 
oAca  lying  vritlun  tlic  vrart-Ukc  prut ubcniacua ;  a  Jiuubcr  of 
otben,  chiefiy  omaller  ones,  colb'ci  towardn  the  centre,  where 
tliay  snrround  a  cK>«r  region  iu  which  li«.>  a  number  of  exceedingly 
mtnatc  chromatin  granalps.  The^e  latter  arc  at  first  scattered 
[rregulnrly,  but  soon  run  togi-tln-T  ro  form  moiiilifonn  Uir«ads  of 
ejctreme  alendorncas,  vrliich  interlace  and  onite  to  form  a  minnte 
nuclear  skein  (Fig.  4o,  A)- 

AlmiiC  thetim^^of  di6cbnrgi''of  the  egg  from  tboorary  fortber 
diaiig«B  occur,  which  nn>  a]>pnrently  stimulated  by  the  act  of 
copuI&tioQ.  The  nuclear  membrane  diMppeurs  cun)pl«t«ly  ;  and 
ha  ooQtentB,  the  nuclear  fiuid  and  nucleoli,  become  distributed 
tbrongh  thfl  yolk.  Thv  only  [uirt  of  iht  egg  nucleus  which 
pi^raista  i»  the  minute  nuclear  Hkeiii :  thta  moves  towards  the 
surboe  of  thu  egg,  uud  lakt-^  up  u  positiuii  at  the  upper  or  black 
pole  of  the  *-gg,  immedintely  below  its  surface  (t^g-  4-5,  B) ; 
bon»  it  lies  in  a  lenticular  patch,  which  is  rather  more  iloid  and 
more  traimparent  than  the  rest  of  the  yolk,  and  is  aepariited 
from  thi»  by  an  ill-deGnod  capnule  of  pigment,  prolonged  to- 
wards the  centre  of  the  egg  in  the  manner  shown  in  the  figure. 

Thv  nucleur  skein  (Fig.  45,  B,  t^o).  now  assuineea  spiodli* 
form,  and  lieo  nt  tiret  with  ita  long  oxin  tangontiul  to  the  sarface 
of  the  Mgg.  Shortly  ullfrwurds  the  spindle  turnip  «o  that  it»  axia 
btiL*om«>a  nidially  8itu«(»d,  one  of  ita  poles  being  at.  thi-  surface 
of  the  egg,  snd  the  otbor  directed  towards  the  interior ;  it  tlieu 
di\'i(]e«  transversely  into  two  parts,  of  vrbicb  one  (Fig.  45,  O.  vo), 
remains  within  tJie  egg,  while  the  other  (Fig.  45,  C,  pb),  is 
«xtradcd  as  tbu  flnt  polar  body.     iShurlly  before  tli«  fomution 
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of  the  i>oIiu'  body  the  black  pole  of  the  egg  beoomes  Blightlr 
Ilatteiied,  Ipavlng  a  space  between  the  egg  anil  the  viti-Uitie 
memtirime  (Fig.  4&,  C) ;  this  spaw;  is  occupiiij  at  otioe  tiy  a  peri- 
vitellino  fluid,  exuded  from  the  egg,  and  in  Ihis  Boid  the  polar 
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Flii.  45.  — Piirrc^Mic  nliigrn  in  the  mntiir.ituin  at  iticugpof  the  KroK-    Tlie 
eggs  are  rt-iuTM-iilm]  iw  biiccieil  Teiiiciillj.     x  23.    (Afwr  O.  Schnliic.) 

A.  •i"Vt'  lu  ••IjI'IIi,  i)it  iiut'lcui  hu  wDinuLcnl  lo  ihrtAk.  und  ili*  hiitUh  *Ud  hi 
Inmiol  In  fii  •riiiri'.     Q.  lUiir  Id  whjpb  lb*  nnrlMT  tkvin  luu  Binml  la  the  Mrfaca  «l| 
Um  fvif.  JDtl  laiur  Ic  tf^  (nnniitlnn  er  Iti4  HM  |Ki|ar  bM^'  C>  •toC  Ui  vMcli  •!■  I 
paUrl>J<r  liutHvufniiiiHl.  bi-dlililoDot  Uki  nuclatf  lUIll,  Md mn«lr<L    p.r' — 
wUcli  <be  dwnil  polM  Imly  liw  Xnota  oUntlnL  ainl  llM  rauiAMlai:  put  «t  l&t  i 
vkKln,  3r  l#m«Jr  pron  n^lj'n'^  IkDA  r«cr«fct«d  fvum  llir  MiirljK«  of  tlio  4|iv»  Ui4  I*  iibevt  tv 

Qnlt*  *>ith  lllb  tUkl*  (Tiuuuc'iflua  or  btbd  of  Ibf  >|HfTI]a10Dh>D. 

FB.  Oral  ■■ilur  (■•ly.    PB'.  MBondtaW  '-hIj.    UP. '•nHlcrr^nnotmn.  TTO<  ■«* 
oBoloa,  «t  ccfiDliul  nalelr.    ITH.  i«4.tlteJlli>c  fluid  mid«4  limu  ««ndMl  nafaMt . 

body  may  be  seen  ns  a  minute  ovoidal  white  body,  ueunlljr  lying 
in  a  gmail  clcpi^'ssion  on  the  snrfoce  of  the  egg  (Fig.  +5,  C.  pb). 
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The  furmulioii  t-f  Uie  Mcond  polar  body  in  thf  frog  has  not 
been  teen,  but  llier^<  catt  lie  little  duubl  Itiat  it  if*  clue.  a»  in 
other  animals,  to  u  furtbiT  division  or  the  purt  of  ihe  Ducleer 
spindle  which  ivinaiu»  within  the  egg,  n(Vere\triieioDOf  the  first 
polar  body.  According;  to  !?clitiH2(\  tbe  extra»ion  of  the  second 
polar  bo<Iy  Trom  tho  «gg  60CH  not  tako  plAco  until  about  hnlf 
an  hour  afU-r  ferliiiwition  of  fJie  e<gg;  i.e.  after  the  eiitratice  of 
the  apemiatozoon,  but  before  the  completioo  vt  the  act  of"  fei"- 
tilisutiun. 

The  two  polar  lK)diefl  btb  of  about  equnl  size  ;  they  Up  fptwly 
on  the  yulk,  iu  the  peri-vitelliDe  lluid,  tind  shift  ubout  with  this 
latti^r  if  tfcp  pffga  are  rotated. 

a.  Lijiag  of  the  E^^b, 

1*bt:<  ViffT"  when  ripe  are  discharged  from  the  ovar)'.  aad  fall 
into  tilt-  boflv  cavi^  j  along  this  they  pasa  forwards,  directed 
partJy  by  contraction  of  the  mnwulnr  body  walls,  pnrlly  bj'  the 
BCiioD  of  tbo  t'jlin  of  cbc  peritoneum,  to  the  uiuiitha  of  tho  ori- 
ducts,  which  are  situated  at  the  extreme  anierioi'  end  of  the 
body  cavity,  opposite  th«  roots  of  the  lungs.  Within  the  iiretor 
tliick-wnlled  part  of  the  ovidnct.  the  eggs  acquire  gelatinouR 
tnrcstrnt-nU  Hccn-tvcl  by  gland*  in  itawnllN:  iho  t«rmiiinl  part 
of  each  oviduct  ia  a  lliin-walled  pouch,  callable  of  great  dla- 
teiisioQ,  within  which  the  eggH  accuiuulate  iu  large  itumbers. 
Finally,  at  the  time  of  copulation,  tbo  cggG  aru  paeaed  out 
through  tbe  cloaca!  oi)eDitig  inUi  water,  in  which  the  albuminoua 
iaveetmeotfi  of  the  eggs  speedily  ftwell  up  to  form  the  gtflulinoua 
mass  of  the  frog's  ^p^1Tn. 

4.  Fertilisation  of  the  Egg. 

Tbe  spermatoz'a,  aftt-r  beiag  ehed  over  the  spawn  by  the 
male  froff,  swim  actiTely  by  means  of  their  long  tails,  work  their 
wny  into  thi!  gdlatinouH  mass  of  the  spawn,  bore  through  the 
viltflliae  ruembraneii,  and  so  penetrate  intu  the  eggs  theiDselveii, 
whii-h  they  enter  at,  or  close  to,  their  upper  or  block  poles. 

A  itingk-  spermatozoon  i»  sufficient  to  fertiti^-  an  epg,  and  it 
in  doabtfal  whether  morn  than  one  is  erer  conoemcd  in  th<>  pro- 
oeav.  About  an  hour  ail«'r  the  spnrmatozooa  has  entered,  a  pig- 
mentcd  process  may  be  seen  projecting  into  the  egg  from  the 
point  of  eiitiy  (Fig.  -i't,  D)>  and  in  (he  centre  ofthe  process  a  dear 
spot.    This  spot  (Fig.  15,  D,  rid),  is  the  nucleus  of  the  iponna- 
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UxMOn,  or  mala  pitumolsua ;  it  peaietrnteii  further  into  the  vfi^. 
carn'ing  tLe  pi^^ment  with  it,  aod  eoon  meeta  the'  fismals  pro- 
naeleos,  or  part  of  the  nnclcar  Ekein  which  ramaios  within  the 
egg  aft*,T  f  xtra^ion  of  the  two  polar  bodie«. 

Thrt  two  pronndei  com©  into  close  oonlact  with  euch  other, 
And,  niter  havuig  increased  coiisidentUy  in  sizes  f^w  tog^her  to 
form  the  Mgmeotntton  naeleoft.  This  fuekia,  which  occiira  about 
two  and  n  lutlf  hours  aft«r  the  Niwrmatoxoon  first  entered  the 
egg,  CDtnptetee  the  act  of  fertilisation. 

Almo«t  i in  10 ed lately  nfl«r  th<>  ^pennntn/ooD  entera  the  egg  x 
oonaiderable  extmsion  of  peri-vitfllini'  fluid  takes  pUce,  between 
the  egg  and  the  ritelline  membrane  (Figs.  45,  C  tuid  D). 
This  09p«ratea  the  egg  from  the  vitelline  membrane,  and  greatly 
(acilitates  tho  rotatiOD  of  the  egg  within  the  membnine;  from 
this  time,  in  n*tiat*!V«r  potiitiou  the  spawn  hv  placed,  the  black 
poles  of  the  eggs  will  always,  fironi  their  leas  specific  gravity,  bo 
Dj^wrmost,  nud  the  white  poles,  wliicit  are  of  higher  t>p<.-cific 
gravity  owing  to  the  grenterabumhince  of  yolk-granalos  in  tliem, 
will  bo  uadi-rmost.  The  extrusioii  uf  th?  pi-rri-vitelli »f  fluid,  and 
the coiisptiuent  separation  of  theegjijIWu*  the  vitelline  nienibi-aiie. 
mny  possibly  »erve  further  to  pnnvent  or  hinder  the  eDtrance  of 
o  second  apermatozooa. 


THE  L.\RLy  STAGES  OF  DEVELOPMENT  OF 
TUE  FROGS  EGG. 

1.  Segmentation  of  the  Egg. 

^Segmentation  of  the  tixig'a  egg  is.  like  that  uf  Amphioxns,  •< 
procase  of  coH-divieion  ;  but  although  the  processes  in  the  two  ' 
animals  are  essentially  similar,  tlH;re  are  important  diSerencea 
in  detail,  due  to  the  much  lar^jciT  uiiiuunt  of  fnod-yolk  present 
in  the  egg  of  the  fi-og,  and  itti  uoequ.t[  distribution. 

Food-yolk  cousdata  of  sninll  granules  uf  highly  Dutritiooa 
matter,  imbedded  in  the  Gubstaoce  uf  the  egg;  but  nlthongh  it 
funcs  a  store  of  readily  assimilated  nutriment,  at  the  Fapensc  i>f 
which  the  development  of  the  vmbryo  can  be  effected,  it  muat 
be  remembered  that  until  it  has  been  go  auimUated  the  yolk 
gruiiulcfi  will  be  foreign  Imdies,  and,  like  any  other  foreign  bodies, 
will  be  a  hindrance  rather  tJian  an  aid  to  developitieiit.  The  diitct 
infloence  of  food-yolk  is  to  mediauicalty  itiipedo  the  activity  of 
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jilann  in  which  it  Li  iniboddod,  ncting  in  L'xoctljr  tbo 
OS  so  many  ^^rairiH  of  aanfl  or  other  foreign  matter 
woold  do,  and  actually  «bi>cking  tbo  procoaees  of  dereEopment. 

The  frt^'s  egg  is  a  ttilnlpcithal  epg ;  i.«.  one  in  which  the  food- 
jolk  13  iKit  uiiirormly  iltKtnbutt^d  throughout  the  volU,  boing 
noK  abundant  in  the  lower  t>r  white  hemisphere  than  in  the 
upper  or  blnck  on*.    The  passi^  froin  one  pole  to  iho  other  is  a 
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Flos,  IR.  IT.  anil  IK-    R<imictiiatlofi  of  tlia  Vntft  Htcx.     xHt, 

Mc.  U.—Ttm  ttt  t>u4  t-Am  llx  «a«4>tlaD  a{  lis  Rnt  cWI.  hf  ■Mali  H  b  dliHi* 
liita  two  iqiul  lilHl>iii>rnH  :  Uia  rr^  U  ni««iH>(nl  lu  nfOoKl  KOUa* 

Pif  4;  - .  ^  •a'lH-  rtn  14  ui  ruB  ■■  tbe  nmiplrilun  of  llw  ililnl  aIcA ;  UN  MC  >■ 
DO*  11:'   '  -  titMuaiin:fkana|i|m  Unul  l<ur  wun  Mna, U4  a  Ivvir  MT Ol 

IkHir 

•  I,  vcUoa  U  Ml  tea  tt  ilir  kiw  lUr*  ••  I^S'  *r,     tn  (M  aJMIt, 

bt-i»i.  ur  i>.i«r  ..-..i^  (,r  Oa  hliwlw»inii. h III*  nnnnrniidiiH ai(M*aiaUD«  whjr. 

gndunl.  not  aii  abrupt  oiin;  there  ta  no  h'ne  of  deroarcation  be- 
tWrH>n  th«  two;  9lill,  the  black  pol«  is  mnch  less  eneiinih4>red 
with  fi>T(l-yi>Ik  thivii  iht*  whitr  or  lower  pole,  and  II  is  t«  this  fact 
lliat  tliP  M«liv<'ly  mpi<l  devi-lopnipiit  of  llii-  bWk  [>i>Ie  U  ilue. 
Very  shortlj'  after  the  completion  of  the  act  of  fertilisation 
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and  the  forniAtioD  of  the  segmentation  nucleus,  this  tatter  loaes 
ita  splieHciLl  fnrm  aud  becomrK  spindlo^hupurl,  ttie  yolk  gn>nale» 
at  the  satne  time  showing  a  tt^nijency  to  arrange  themselvea 
ulong  lines  radiatiug  outwards  fium  the  ends  of  the  Hpinctt«. 

The  nucleus  now  diviileu  into  two  linlvo!,  rrliich  move  away 
from  each  othiir;  tlie  yoll;  graimli-s  tend  to  Rggri*giite  llienutelves 
around  the  two  nuclei,  and  a  tbiii  vert  ical  plate  of  linely  grannlar 
protoplasm,  almost  free  Irom  yolk  grnnales,  ia  left,  dividing  the 
egg  into  two  halves.  This  plate,  which  soon  becomes  pigment<rd, 
splits  v^'pticfttly  into  two,  the  split  appearing  near  tJio  centre  of 
the  ogg,  and  al  first  not  n-aclnng  to  its  surface. 

At.  the  upper  or  black  pole  of  the  egg  a  depresition  now  ap- 
pears, at  firKt  tut  n  »niiill  pit,  and  then  elongating  to  form  a  groove, 
irhich  rapidly  nxtends  ail  round  the  egg.  The  groove  deepeos, 
and,  lueoling  with  the  split  already  preaeul  in  the  iati:rioror  tbc 
egg  (Fig.  40),  divides  tho  wholo  egg  into  two  coin  pletely  separate 
and  equal  parts,  the  plane  of  divigion  corresponding  witii  the 
Terlicttl  pigmented  plane  lueutioaed  above. 

Tliis  first  plane  of  division  is  stated  to  corTeq}ond  to  tie 
median  sagittal  piano  of  the  future  embryo  nnd  ndult;  t.«.  tbe 
two  cells  into  which  tbe  egg  ia  divided  by  iLefirat  segmentation 
plane  ore  uuid  to  e«>rie!<pond  re.^pectively  to  tJie  right  and  left 
halves  of  ihe  IxHly  of  the  frog. 

Each  of  the  two  nactei  soon  becomes  spindle-shaped,  and 
thea  divides  into  two;  and  a  second  cleft  iif  then  formed  ia  a 
aimilnr  mniiner  Ut  the  Rrat.  Thia  tiecaiid  cleJl  is  h1»o  a  vertical 
one.  but  In  a  piano  at  ngbt  angles  to  the  tir^t  one ;  OD  its  com- 
pletion the  egg  is  divided  into  four  similar  and  equal  cells,  or 
hlantonicreH. 

The  third  clet>.  is  hori7ontal,  but  not  equatorial,  lying  (Fig. 
47)  much  nearer  the  upper  than  tbe  lower  pole.  It  divides  each 
of  the  four  cells  or  blastoroerea  ijito  two,  an  upper  smaller  and  a 
lower  largnr  one. 

From  this  stage  i^mentatiDn  proceeds  rapidly,  but  ncoordill|[ 
to  no  definile  rule,  the  oeveral  cells  dividing  iudependoatly  of  ' 
one  snotbor.  Throughout  the  process  the  upper  cells  divide 
more  rapidly,  and  are  consequently  always  of  smaller  gize 
than  the  lower  ct^lls,  tbe  latter  bi-iug  liniiijK't'ed  by  tbi'  largo 
number  of  yolk-grauuleB  they  contain :  in  all  cases  division  of  tbe 
cells  ia  preceded  by  division  of  tlieir  nuclei,  a«  in  I  he  earlier  stages. 
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At  tlie  etoge  Tepr««ont«l  by  Figs.  -t7  mid  'IB,  vrb^n  eight 
ep]l9  are  present,  i.».  on  the  coniplotion  of  tLo  ihird  cleft,  n 
email  cavity  nppi-an  iu  the  centro  of  the  egg,  betweeji  the  inner 
ead»  o(  the  cells  (Fig.  4S).  TbU  is  tli<-  Mgin«nt&tiou  cavity  or 
blaitoea;!.  From  it*  flritt  appearanw  it  is  &ituiu,<l  neavpr  tfio 
npiwr  than  the  lower  (vole  of  the  egg.  It  ifl  lillvd  with  fluid, 
ami  during;  ihn  ]aU^r  phiiees  of  Ki?gnicntntioa  it  increa^a  COD- 
i>itl<Ta1ily  ill  (ux.<-  (F'igfi.  40,  50). 

At  U>e  cUise  ofBogmeutatioQ  tha  eg^  fass  the  structure  showD 
in  section  id  Fig.  50,  It  is  a  hollow  Ijall,  the  tame  size  ua  tJiti 
«rigiiiiil  ovTim.  with  a  t^inall,  exccntricjilljr-placctl  cavity,  and 
with  walls  of  very  imwiunl  thickness.  Tlie  ccIIb  of  the  upperhalf 


tH.    IIP. 


t'lC,  ^c. 


ma.  Jti— T)i«  tilMtitln  «U(0  in  IIk'  'U-^vloftnuit  of  ibu  Pio/>  Eg;,  hU«ot*d 

tcfUaalljr.     >  SO. 
Fl9.  ML— Tbe  tm^'t  Bgg  U  tbo  cIom  of  — yaeiif  tloa,  bbccuJ  vmUomII^t. 

B.  HpMBtalaa  «*lif  or  liUi>«wt 
oro  tmnll,  nppr<ixiiiijit«ly  uniforai  in  kIm',  nnd  aimnged  mora  or 
1«8S  dt'finiC'dy  iu  two  layers,  out^ar  ntMl  inner ;  while  thfi  cells  of 
the  lower  half  aro  larger,  and  much  more  in^egular  in  shape, 
size,  and  arrftngempnt :  furthermore,  the  superficial  c*lls  of  the 
upper  half  aro  ilo*ply  pigm«nt«l  at  their  out*r  ends,  while  thoa* 
of  the  lower  half  are  nearly  colourless. 

The  distinctjon  between  upper  and  tower  colla  it,  howerer, 
not  nn  alisolute  one,  the  cells  at  the  equator  being  ii)teriiietliat« 
in  all  resi^KtA  between  those  of  the  upper  and  tower  poles. 

ITje  stage  reprwenttJ  in  1-^g.  48  is  the  one  which  correaponda 
most clc«aly  with  the  bhutola  atag«  of  Aniphioxua  (Fig.  14,  viu). 
Tberr  are.  however,  important  differences  between  the  two.  In 
the  Uustnlo  stage  of  the  frug  tliero  are  fewer  oomixmenb  cells; 
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tlie  oeQa  dilTcr  more  markedly  from  one  aootber  id  eliape  and 
dse ;  Koi  the  segnetitation  oarity  u  much  emaller  reUlivclj-  to 
the  «ntirv  ovum,  niid  iv  exceiitrie  instead  of  central  in  position. , 
From  the  deacription  given  ahvve  il  will  be  seen  that  all  these 
difll-reticeB  loay  be  atlribated  to  tbo  greater  amount  of  fuod-yolk 
present  in  tlie  frog's  egg. 

2.  The  Epiblfut. 

Of  the  two  kinds  of  cM»  of  vhidi  the  rgg  oonaists  at  tlie 
ckiseofaegmentation  (Fig.  60),  the  smaller  pigmented  cells  of  the 
upper  half  are  the  epiblait  cells,  while  the  largrr  anpigmented 
cells  of  the  lower  tialf,  in  which  the  yolk-jfraimlfci  riv  mainly 
coDtained,  may  be  epokcn  of  as  th«  lomr  layer  eelU  oryolk-eelU. 
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Flo.  SI.— Median  sogicial  waloa  at  a  Fiok  BBtbov,  sbowinf:  the  tpttKiingi 
at  the  eii4bljist  and  tto  ooamnMiiiifc  foraation  of  tbe  ineKRtatML     >  SS. 


B.ldUMciMe 


;'l 


Tbo  distinrttOR  between  tlie  two  is  not  an  abeoluto  onft,  ihecvllii 
at  the  equator  of  the  <-gg  being  int^nnediate  in  all  re«peot8 
between  tlie  epiblast  and  thr  rolk-celU.  As  seen  from  the 
soHace,  the  limit  is  Indiuitj^l  bv  the  boundsiA'  line  between  the 
black  and  tbe  white  areas  of  the  egg.  and  at  tbe  clon-  of  n-g> 
meatatioii  (he^  two  areas  are  approximately  equal  in  extent. 
In  the  euon-^Tig  stages  tbu  black  area  inci\'nEi:6  rapidly  nt  tbe 
expense  of  tbe  white  iirea  (Figs.  51,  52,  6+),  and  iu  a  fvw  honnt 
tbe  pigmented  epiblast  cells  have  covered  the  whole  of  the  egg 
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wilh  tie  exception  of  s  email  circalnr  patcli  at  tlio  lower  polr* 
iVigs.  i2.  Y,  nuri  -M  vi'),  where  nlono  the  while  ynlk-celU  come 
to  the  eurfncc. 

"nil*  fxif iiflion  of  the  epiblast  ocean  all  ruuml  He  naargin. 
•B<1  is  eflrL>c1t>(l  bv  till-  ftdditiiin  of  colU  cut  out  fruni  tho  super- 
ficial layer  of  )'olk<cell».  This  napcrfirial  layer  first  becciiniHt 
pif^ii-iiU-d,  bikI  ilirii  iliviilii^  liiUi,  (i)  a  Hwrfiice  sirntnm  of  siimH 
ppiblnst  oello,  n-hicli  frAm  tlie  first  &ro  similoi-  to  the  origiiml 
epiblost  ivIIb,  and  are  a(]d«d  on  round  their  margin  ;  and  (ii)  a. 
tleepcr  tnaBe  of  lari^r  nad  noo-pigtUGnttnl  yolk-cclU. 

Daring  thiK  oxton»ion  of  lli<"  >-]iit)Ifi.-<t.,  I  he  [in;crs:<  of  eel! 
dfviBion  has  beMti  continiiinj;  rapidly  in  all  {mrlB  of  the  embryo. 
The  epiWa^t  tiiiw  coiiflir't^  (if  two  veiy  deliiiite  layeifl  of  cells: 
Ml  oiil«i-  or  cpidenaic  layer  (Fig-  ol,  Ef.),  fonnvd  by  n  sicgla 
stmtam  of  short  columoar  celln,  which  are  deeply  pigmented, 
and  pcickf-d  c1i>sl'  togt:th<T  side  by  side;  and  nn  iiiijerornerTOUS 
layer  (Fig,  ol,  tN),  con-nistitig  of  smaller,  more  spherical  cells, 
Ims  sliongly  pigmented  thnn  tlioee  of  tht*  cpid«rmic  layer,  and 
arranged  two  or  tliree  deep.  Hie  eelb  that  nre  added  nn  miind 
tho  margin  of  tlio  epiblost,  daring  it«j  upreadiug.  art-  i<iuii]nr  ia 
thapu  and  Htxe  to  the  epiblast  cells  derived  firom  the  upper  ptde 
of  the  egg.  and,  liketheee,  boor  become  arranged  in  epidermic 
and  ncnutus  luvci-i). 


3.  Tbe  Kctentcron. 

The  tdimentaiy  cavity,  or  mt'eenteron.  is  fonned  as  a  narrow 
slit,  opening  to  the  snr&ce  at  the  lower  pole  of  the  egg  and 
extt'itilirigncertnin  dirianre  into  ite  interior  (i'ig.  51,  Br).  Tho 
«lit  rapidly  deepens,  spreading  concentrically  with  the  surftice  of 
the  p|»g,  and  lying  near  to  what  will  sabsequeutly  betonie  the 
dorfal  surface  of  the  embryo;  it  is  at  first  exceedingly  slmllow, 
il«  two  w&ll^  being  nimoet  in  contact  (Fig«.  52,  i-i.  r) ;  hut 
rerj-  iiliortly,  by  dtjireiwicm  of  lh«  lower  wall  or  floor  (Figs.  34, 
&5r  oO.  T),  tbi^  cav-ity  becomes  of  considerable  size,  and  forms 
lb*  alimentar/  trtu-i  of  the  embryo. 

This  Blit-like  inesentenm  was  formerly  described  as  arising 
by  a  pn>ce>?A  of  invagination,  tJi«  rpiblii»t  cells  buing  aid  to  grow 
totu  tlio  interior  of  the  egg  to  form  tho  wall  uf  the  me^nteron 
Cftvity.  Later  inreiitigntion.t  have  *hown  that  this  description  ia 
inoornK't,  and  that  the  cavity  is  formed,  not  by  invngiiintion  from 
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Uie  surface,  but  b;  sptitting  apart  of  the  yolk>cells  as  descritied 
»bove,  Uiia  spliiting  being  preceded  by  the  torvatiou  of  pigmenb 
in  the  adjacent  iturfacv«  of  the  cells  b<ttw-e<-D  ivtiicli  tlie  »plit  is 
to  app««r. 

The  mraeDteric  sUt  appears  first  aa  a  sliKhUv  creecenlic 
gnxn-e  on  the  surface  of  the  egg  (Pig-  51,  a'")!  **  *^'^  margin  nf 
th«  Bpreodiog  t-pibtost.  and  oboat  midway  betwei'ti  the  equator 
aod  thi^  Ifmrcr  pole  of  the  egg.  It  iii  wry  consptcaoas.  beouua 
tlie  pigmented  epiblaiit  cells  stop  sharply  at  its  upper  or  convex 
border,  so  that  the  boandary  between  the  ©pibtart  and  yolk- 
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Flu.  iI2.— Sngittsl  Miction  of  •  Ffo^  Embiyo  during  Ui«  fanuaUon  of 
the  ■Beaenioniii.     x  SS. 
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UaMOMti trnnntDUHM (avttr.    BP. BtvarMil^rwIllf of  MMIopw*. 
•crenlnl  tlu*fMuM|D«t.  XKoaict  w«plil««4«laictu(etinil>ii.  SNi 
iBUlBjrcrtilcpib^iL    HikiypciClMC    T.inMEiMcrm    X',f«lt>fte«. 


',  la>i« 


cells  IB  here  an  abrupt  out*,  while  roand  the  rest  cf  Ibe  circmn- 
ferencv,  m  ehown  on  the  right-Iiand  side  of  Fig.  &I,  the  tranffi- 
tion  is  more  gradual. 

The  f.Toove  rapidly  extends  at  itj»  eslremitie*,  becoming 
wrmicirctiUu-,  tlieu  hor»e-shoe  sbajied,  nnd  finally,  by  ineetjng  of 
tta  Uinbfl,  a  complete  circle,  'ITiis  circular  groove  separates  the 
epiblaitt,  which  now  puds  sharply  again^l  it  niuiid  its  entire 
margin,  from  a  drcnlar  patch  of  yolk-cells  (Pig.  52,  v,  and 
Pig.  58,  a),  which  still  remains  at  the  surface  of  the  «^.     The 
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cirvuUr  ftpoHnro  in  thv  f)>il>)a«t,  ik'tinvil  by  t1i!«  groove,  ii  npoken 
of  n^  I  lie  UaMdpon,  or  aiiUK  of  Ru=>cuiii ;  nnd  tlie  ni&ss  of  vtilU- 
cells  which  Blls  up  the  uperture,  as  the  yollc-plug. 

'thv  bIaeto|>ore  lie*  at  6rat  at  the  lower  jxile  of  tho  egg. 
Rsfenutoe  to  Figs.  5V,  >>%  and  ^8  will  show  that  this  lower  pole 
beconea  anbaequeiitly  tho  hiudi^r  or  tail  end  of  the  embryo,  so 
tlw(  Uie  tipe  of  the  bla«topur«,  ur  aud  ur',  ma>'  be  spoken  of 
M  dorsftl  luid  ventral  rcsjM'ctivi'ly. 

From  the  figures,  iiud  from  the  nbore  description,  it  will  be 


fm.  AS.— Horiuwal  mcUmi  aenm  «  Fm  BnbrTO  of  Ibc  nine  n|w  w  tint 
•bown  lu  rig.  62.  tbe  aecUon  bdng  lakm  alcing  a  lino  Joiiting  tbe  nf«T> 
enoe  tetiera  T  Had  B  in  KIg.  St.     ■  iS. 

B.  l-lwUnrt  or  KcmnilaUMi  nriif^.     Kit,  oMx  iv  *Tl,lmiln  liwr  nf  (pIMiiil. 
T..rOlk-MD>. 


•eeu  Uiflt  the  groove  wliich  limits  the  blastopore  appears  first 
at  its  dorsal  mart^in,  bi',  luid  S))reada  round  the  iud«t  lo  the 
raotiml  morgii),  Bl''.  'Xlie  slil  extenda  at  lirtt  nuliklly  iawards, 
itoward.t  tbe  centre  of  the  egg  (("^gB.  -M.  nr,  Bud  o2,  Bl*')  ;  but 
Fklotig  the  dorsid  eurfnce  the  glit,  ulYer  a  short  radial  ooarso 
(Fig.  bi,  nr),  tumn  Hli&rply  at  right  nng'lee  (Fi^.  62,  T),  aod 
sprendA  forwards  concentrically  with  the  siir&co  of  the  embiyo. 
llie  whole  embryo,  whidi  up  to  thisitoge  hu  been  cjiherical, 
'  begins  to  elongate,  becoming  ellipioidal,  with  the  binsloporo 
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marking  the  posterior  jkiIc  (Figs.  64,  lib).  By  an  alteration  in 
tlie  p&sition  of  the  cells  of  its  floor,  the  mesenteric  slit  (F^g.  &2, 
tJ  becomes  widened  out  into  »  large  cavity  (Fig.  54,  t)  ;  th« 
roof  or  dorsnl  wall  of  wliicii  is  fortned  by  a  wel Ndetinetl  Inypr  of 
smull  colls,  uiTimgcd  tbrcu  or  foar  dcrp,  and  lying  in  cloen 
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KlO.  fi4.~Satritl&l  secUoa  of  a  Frog  Embiyo  Jiut  heTOTo  tb«  diMppcarance  ut 
th*  sogRianUtion  cavitj.     «  SB. 

B.  MMloaalnr  ■rmmnlMUw  ««rlly.  SP.  uppamr  >lur>a]II|iu(IJiabliutiii»ni.  BP'. 
lower  or  WQtiihlUpw  ibc  t^lui^v^m.    C^-  iuv>olj4>r*l.    SEL.-utcrorcfiiiU'nitif  l«>'i-r 

Of  oiWWJWTaii.     U.  mnnMiut.    T.  niHif iit«mn.    7i  yolli-sMli.    TP.  ynlk'pluf. 

oontaet  with  the  epiblast,  while  the  floor  ntit]  sidoa  conatsl  of 
yflUc-odla  (Fig.  bi,  y). 

During  this  ch»ii{^  the  ttcgmentaljoii  cavity,  B,  gradually 
luTOTnPS  feducpd  in  fiize.  and  ultimately  disnppfars  nitngetlier. 
It  civu  always  be  distiaguished  from  the  mesenteroii  by  the  fnct 
that  it  lies  botwceti  the  cpiblitst  and  the  yolk-colls,  nnj  that  ita 
wall  i«  tliereforc  formed  on  one  side  by  epiblast  cells  only  (Fips. 
dSoiidj^i,  li);  wliiltr  the  iiie^i-Dtet'on,  T,  alwikye  baswiiilx  forininl 
by  both  epiblast  and  lower  layer  cells. 

Figs,  -'i^,  5-1.  and  S.'i  show  tliat  the  sef^<>ntnticrtt  cutrity 
btMiomra  reduced  and  obliti'rat<?d,  parUy  by  thf  jirowth  fonrflrds 
of  the  cells  which  forai  the  roof  of  tbo  mesenteron ;  and  pcirtly 
by  a  uliiftiiig  in  tli&  position  of  the  yolk-cellB  forming  the  floor 
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uf  tlift  mMentoroa.  whicb  occomjifuiiea  the  elongatjoa  of  tite 
flinbtyo  and  the  etilargemont  of  the  mesenteric  cavity.  The 
enteron  atul  the   aegmenlation   cavity  mnj,   u  shown  fai 

iFi^.  'j'i  wwl  ^ifComtuanicote  with  «ach  other  for  a.tirae  during 

KbeH>  cbaogM. 
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Fld.U. — SagrllUl  ^•'■  '■'''"  ■'■'!  n  t'r<-^  Kiiil<ri'c>  atlvr  iho  diMpfKontooo  of  tbo 
■cpiWDtiitl-i!  i '' '     I  (>f  ih*  nuMntcron.     •  SS. 

BPiUmI>7>^        i'H  y..    -.'  ilul-UiVHdl  nnlUu  tnil  lix >llatltwliMi 

hMoRnUatliiilcnut;  uJDftiinu  laj-enUTDOl  ibosn.    H. Uypatliul,  M, mawUMt. 


i.  herniation  of  the  Hypoblast,  the  Notoebord.  and  the  Heioblast. 

During  the  formation  of  the  racMiiteron,  the  evils  forining 
it«  woIIb  (yig».  '>'i  and  SO)  become  aiTnngeJ  in  two  runcvntrio 
laj-ers ; — an  inner  Uyor,  iho  bypoblait,  which  fonna  (bo  true  wall 
iirtb0me«eti1«run  ;  aiul  an  oiiitsr  layer,  the  meMblait  (Fig.  50,  m), 
wbkh  lie»  between  the  hypoblast  and  the  epiblast^ 

The  Kplitting  off  of  tlie  m<:»oblui>t  oummvtic<>K  in  thr  dorso- 
Iat(.>rB]  walls  of  the  ineaeDt«nHi,  and  spresdH  towards  thi>  median 
iplanr,  both  iloraally  and  ventntty.  Ilefoiti  tbis  splitting  roaobeB 
the  tn iiMorsal  plant',  n  piitr  of  Iongitudiiu<  1  cli-Hs  apgiear  along 
the  dorsal  surfocQ,  by  which  a  modinii  lungttudiiinl  rod  of  oollit 
(Fig.  't6,  CH)  is  cat  off  from  l-he  two  UtcraJly  pliiccd  mcsobliwt 
sbocto,  M.  'fliifl  rod,  etc,  rpinainx  attached  Co  the  bypoblaHt  fur  a 
tlt<irt  time  afler  the  mc-.^bla^t  sheets  are  completely  aapsrated  ; 
bot  very  shortly  anei-ward-i  tlie  nid  in  it«  turn  split*  off  from 
the  b>'poblaet,  and  bucomvs  tbo  notochord. 
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The  mMoblaxt  (Fi)r.  oG.  M)  thus  aruea  in  the  frog  :is  two 
latent  sheete  of  cells,  split  off  fi-om  the  outer  surfftw  of  the 
hypoblast  and  yolk-ci-lls.  Tlic  tivo  ebi-cts  verj-  oarly  become 
coDtinuDUB  n-itii  <!&cli  other  tu  tJie  mid-ventral  |ilane,  but:  are 
wparalcd  dursally  by  the  notocbord,  wliioh  is  fonned,  indepcn- 
deiilly,  frora  the  by]»blaBt  in  tho  mid-dor&al  rffrion- 

At  intenrals  nlong  tbeir  length,  the  mowblnst  ghe«t«  remuUj 
for  a  time  attacht-d  to  tlie  hypoblast  along  tiie  dorsal  sorfitoe 
tb«>  inc«ent«'roii,  not  far  From  the  mt^dian  plane ;  and,  at  these 
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FlO.  BE, — A  trail-   .  ■  .    ..  .(ion  ihniu^h  tUe  nivl'lle  uf  the  IvDxtfa  of  a  Vng 

Kiui'i '  '  I*  .ti»/iit  the  Btngc  nf^KHrnled  Id  ¥ig.  SS.     ■!£,  "' 

Di"  r M.  i><>'-.>i>iMt    Sra.iivunlifiwn.  K P.  Drarnl idaU.  ^mmM« 
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places,  slight  pouch-like  diverticula  from  tlie  mesenteroa  (Pig. 
'Ai,  IIM)  iniiv  ho  seen  extondini?  into  lb»  mesoblast^ shorts.  It 
baa  W-  ii  ii^'j^i-slcd  by  Hvri"ig  that  thfSf  diverliculu  aro  p(#n 
sibly  iitdicationit  of  a  mod**  of  origin  of  eJie  meBoblaet  as  hollovr 
dircrticula  from  ihe  mesentE^run,  such  t»  occurs  in  Amphtoxiu 
(rf.  Figs,  ii  and  28,  CK). 

b.  The  BUtatopon  and  the  FrimiUve  Streak. 

Ilie  blastopore,  or  aims  of  Kust-oiii,  has  been  defined  above  as 
the  circular  ni>orture  in  tlic*  epibtost  which  16  filled  up  by  th^ 
yolk-plug  (Figs.  52  aud  68,  A);  the  lip  of  the  blastopore  and 
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tbe  jrolk-ptug  Ix-ing  aepnntet]  from  encli  other  liy  tlio  narrow 
(irrDlar  groo^'e  which  leads  into  the  mesenteroD.  In  tbe  im- 
mediittRly  succeeding  stages  the  bIusto]wi-e  fcecoiuea  greatlj- 
reduced  in  siic.  ibough  Btill  retaining  its  circular  outline 
{cf.  l''ig*.  52,  5t,  56).  Thif»  reduction  is  efloct«<J,  not  by  con- 
traction of  tbu  wliole  circamfeivQce  of  tbe  bbutopore,  but  by 
a  foldiug  tOftetlier,  or  concreaoeuce,  of  its  lips  !n  ih©  median 
plane,  be^^nniiig  at  the  lowor  or  vi>iitra]  inargin  mid  iii'ooiH'<ling 
upwards  townnls  tbe  dorsnl  mnrgin,  the  line  of  fusion  being 
markwi  by  n  faint  vertical  groove  on  tho  surface  of  tbe  embryo 
{ef,  \\^.  oS,  A  and  BJ. 

At  tli«  lip  of  the  blastopore,  round  it«  entire  circanirenmce, 

[~  the  Ihiw)  genninnl  layers,  epiblast,  niesoblnst,  and  hypoblast, 
are  indletingvisliably  fu8od  together  (Fign,  'ti,  .'3.1);  tlio  pepn- 
nttion  bi^twe«n  the  layers  iirat  appearing  a  little  distance  beyond 
tlia  margin  of  tbe  btn8tt>]>ore.  As  tlie  llpa  of  the  blastopore 
meet  and  unite  from  below  upwards,  in  tbe  omiuier  described 
above,  ft  vorltcul  bimd  is  pm<]tict>d  by  tbeir  unimi,  at  tJie  hinder 
end  of  the  pmbrj-o,  in  which  the  ilircu  jjorminal  layers  ora  fused. 
Tbb  linnd  ia  spoken  of  an  the  primitlTe  ttreak ;  and  Uie  fuat 
median  grooro,  already  duitcriUHl  (Fig.  h%,  B,  0).  which  runo 
alimg  it,  and  marlcH  the  line  of  union  of  the  right  and  left  lips 
of  the  h!asto]K>re,  is  named  the  primitiTe  grooTe. 

The  primitive  etreak  and  primitive  groove  are  comparatively 
inconspicnonft  fe.-it.ur^'s  in  tbe  frog  embryo,  but  mv  much  more 
pnioiineiit  in  tJie  chick  and  tlie  rabbit.  Tbey  are  probably 
to  be  regatOed  as  secondai^  rather  tluio  as  e««eDtiAl  cbamcten. 
and  as  aMtwintod  nnth  the  givat  disten^iion  which  the  egg  has 
tindergoDo  in  conKcquencu  of  the  number  of  yolk-granules 
imlteddi^  in  its  substance. 

The  further  development  of  the  primitive  streak,  and  th«^ 
Dllimale  fat«  of  the  blastoiwre,  will  be  described  in  a  later  part 
of  this  chapter. 

Tht!  reduction  in  eixc  of  the  btu»topore,  cmneed  by  tbu  cod- 
erpso'iioe  of  it^i  lipn,  gives  ri))4<  to  »  oorrvsponding  diminution 
of  the  yolk-]ilDg  ('■/.  ilgs.  52.  51,  vp) ;  and  at  the  clo**-  of  the 
period  now  being  described  this  withdraws  completely  from  the 
anrfacn  of  the  einbiyo  (Fig.  55). 
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6.  CompariBOQ  of  the  Early  8tag:«a  in  the  Derelopment  of  tha 
Frog  with  those  of  Amphioxas. 

TliP  frog's  egg  is  more  than  5,000  tiniL'S  the  balk  nf  that  of 
Aiii])liioxiii^ :  tliU  targe  &\r.c  U  due  iiinitily  to  thu  itnicb  greater 
Atntmiit.  of  ftxid-ycllc  l)resent  in  the  frojr's  e^g,  and  it  Is  chiefly 
owing  to  this  food-volk  that  the  devclopnicnt  ofthe  twofonnti 
is  80  differpnt.  In  llie  earliest  tjti^cs  the  diffprencee  are  Ws8 
mtkrknd  than  in  thn  sitccefMling  ones.  Th(«  liryt  two  9c>gin<-n(/i- 
tioii  clefts  divide  the  fi-ug's  egg  in  the*  game  way  as  lley  do  tliat 
of  Ainphioxas ;  the  third  cleft  ia  in  both  cases  a  horizoiital  on( 
but  whiip  iu  Anipliioxiis  it  is  iio-«rIy  (-([Tiatoriii],  in  tha  frog'  it' 
lips  niiicli  nearer  tlie  nppcr  pole.  The  Htage  showTi  for  the  frog 
in  Fig.  I'O  corrc!5]»oiida  fairly  closely,  in  esaiiutial  rcapects,  witli 
rht'  blnittula  ^to^e  of  Amphioxua;  but  from  thi.«  point  th&. 
development  of  the  two  fomne  b&comee  widely  different. 

There  is  no  stage  in  the  frog  witicb  exactly  correspoiida  to" 
Che  gastrula  stogu  iu  Amphioxus ;  for  at  tht.-  stage  shown  in 
Fig.  62,  whicli  nioaf>  nearly  approaches  to  this,  IwLh  epibhut  and 
hypoblast  are  abeady  lliriw  or  tiioiv  cslls  thick,  instead  of  Iwing, 
as  in  AmpUioxus,  single  layers  of  ccll».    ^[oreover,  the  iirimiUvQ 
digestive  cavity  of  the  frog  (Fig.  Hi,  t)  is  formed,  not  by  invagi- 
nation, ns  in  Aini»hioxii9.but  by  a  jipocess  of  splitting,  or  »epar 
tion,  among  the  yolk-cells  occupjing  the  inUrior  of  tin;  embryo.^ 
The  history  of  development   in   some  allied  nnimab,  uolably  in 
thf>  newt,  sngge^ts  timt  the  procure  of  splitting  is  a  st^eond 
modification,  which  has  arisen  in  consequence  of  the  hindrance" 
offi^red  by  the  Inrge  masa  of  yolk-celU  to  the  occurrence  of 
invagination. 

The  early  pgrflbHslinipnt  nf  the  two-layered  condition  of  the 
epiblnpl  is  another  iwiul  iu  which  the  frog  prrscnte  a  modified 
and  iqjccialisf'd  condition ;  in  the  corroajiondiug  stng<*s  of  the 
newt  the  epiblajst  consists,  as  in  Amphioxus,  of  a  single  layer  of 
cells. 


DEVELOPMENT  OP  THE  NERVOUS  SYSTEM. 

It  will  be  convenient  from  this  point  to  deal  witli  tiie  sereral 
systems  one  by  one,  following  each  up  to  its  condition  in  the 
aiclult.  The  order  in  which  the  syBfem.-i  are  taken  is  cliiefly  a 
mattwr  of  convenience,  but    foi-  several    reasonH   tlio   neiTOue. 


THE  CBSTBAL  SBRV0U8  SYSTEM. 


113 


system  is  the  most  siiitable  to  oommenoc  iritli.  It  i^  fonncd 
(Vom  the  RpihloBl,  which  is  llie  earliest  of  thn  genniniil  Uyem  tti 
be  definitcily  cBtablislied ;  it  appears  at  a  very  eerly  stage ;  aud 
it  plavs  a  prominent  part,  osp-cially  in  the  j-oimger  embr^roB,  in 
dploniiining  tJie  Ehape  aud  propi >rt Joti^i  uf  ibn  Ixidy. 

1.  Omertl  Hiitory  of  the  Central  Nervotu  System. 

Th»  0|iiblfl«t  of  tht>  fntg,  na  alri>ai1y  doRcribed,  conKists, 
almost  frwin  the  tirst,  of  two  layers,  iJie  dislJuctioii  betwwn 
wliicli  is  e8t»blisht»d  before  tlif  close  of  the  period  of  eiftjfmenta- 
tioQ.  or  thme,  the  upper  or  epid^rmio  layer  U  n  siiigk>  Btratum 
of  closely  fitted,  iibart  columiutr  ur  cubical  celU ;  while  t  he  lower 
or  nerrou  layer  (Figs.  'jI,  52>  cotit^istB  of  eplicncal  or  ovoid 
onlln,  more  loosely  arrangod,  and  two  nr  Ibree  dt-fp  :  it  Li  from 
tkis  lower  layer  that  tbe  nervoun  Rystptn  ig  developed. 

The  first  trace  of  t]ie  oerrous  Kvstittn  npponrs  at  a  Btaga 
iniinciliiktely  succeeding  that  sbowu  In  t-'tg.  Hi,  whnn  Uiu 
«fnbryo  ia  olIipsuidHl  in  shape,  nnd  the  bliistopore  hn»  bpcome 
tnucli  mluri'*!.  oiid  Icfls  ootupicuoas  owing  to  the  yolk-plug 
having  wiibdrnwn  ffotn 
tbn  tinriaM. 

The  ilorsal  siirTace  ol 
tlie  embryo  now  Battens 
aligblly,  and  along  tbe 
flattened  area  the  d««per 
or  narvoas  layer  of  the 
cptblnst  tbickvnt  to  rorm 
tbe  amnl  plate,  n  iri- 
angular  area  Lalendtng 
along  the  back  of  the 
embryo,  widt-r  in  front 
but  narmwijig  poato- 
riorly  towards  tbe  blus- 
topnre.  Slightly  ntitM-d 
ridgsB,  tbo  nearal  foldi 
(Pig.  o7,  .tP),  soon  ap- 
pear, bordering  tb«neiira] 
phue  laterally  ;  and  a  shallow  neoial  grooTe  (Pigs.  56,  57,  Mi)  h 
fiinned  along  iIa  dorsal  sarfaco  iu  the  median  linr,  extending 
Ibrwank  from  tho  blastopore. 

I 


Vi«.  ST.— A  fnf  Kmhrya  u  it>«  tlmo  ol  ap- 
jKHnine*  of  Ibe  nvuml  tolilii;  •era  fruni 
tho  4arMl  mrfaeo.     x  SO. 

]fV.  Dcdral  loU ;  dw  Nlwnus  list  pobtU 
t*  Mm  JnamMi  «(  Ua  MiUthr  aMt  ihi  ten 
laUnl  MiU.     If  O-  oaanl  irfoDn.      TP,  jntt 
ly  pnlmv)  U  altig^  tot  lUII   rUMs 
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Anteriorlv,  the  hvo  upural  foWs  are  cMmected  by  a  trans- 
verse fold  (HfiT'  ^7)-  which  vuiis  acroes  the  anterior  en^  ot  the 
nenral  plut.*-.  iind  »li>.'ht)v-  rai^w  it  alx»-e  the  level  of  the  bui> 
rounding  parts;  wUiIt-  at  th«*ir  hinder  ends  the  two  oeuml  Euldii 
ore  coittinuoii&  with  the  Jtteral  lips  of  the  blastopore. 

The  neural  folds  mpidly  inci^sae  in  height  «n<l  thickiK^ai : 
thi>  groove  b^twmn  them  deepen?;  and  the  folds,  becoming  more 
and  m<Hv  [immintmt  (Figs.  58,  59),  approach  each  other,  and 
Snally  meet  iu  the  ntedtan  plane  and  fase  together,  convertitig 
the  nenr&l  groore  into  a  tube. 

The  ui^nral  f'cild5  Srst  meet  about  the  junction  of  the  head 
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lit!      -      •^■.„      I-  "     ..::.'      .'-Irjinienl  o(  lh*rR)cEinb»yr).  =pfn  ihli^adj 
tK>in  i>ir  hinri«r  omL    <i''rom  a  mtIm  of  «ws  wodab  by  Dr.  K.  2ia^M.  of 

A.  ■*>««  in  >l>Ub  the  WwintirB  b  tmttt  <taMl>r.  Ml  it  oen^ita  I9  U*  < 


lOHn^ari  lav*  ■«<  and  Ba^  I 

tww u*  irioiiui* atrmk :  tiwiiwnnnloii  liii inmiMinin  to  ttr  ya^tiim*!  (' 

t.liifctwritii.A.tiU»«|rtkMtT«»»w»;tW  Ian  Hi»-t  llw  appw  n<t of  M»  »rii 
rite ffwr  U Om »wmW>  wdocwt tl«i*npiw.«J th»  III  1 1^1  ■  lU >W In-w—t »t  1 

iiriwfawiTu»i»Utt»»wwwi<^nw<iii— loMMatowatwnj*.  Ab«*>r  " 
«bM  Om  Manl  gmnW  dHMMd.  «*■■  lla  and  Md*  tn  wa*  t(t«lBHII 


mpI  u»  iwli>RiBa«aft«irtBia*H.   Tiirii  niinium  ■■! 

■,  low  Mmo.  la  vhisli  U>  B>«al  taU  b  napMid  ua  >U  Ml  k«  tow— I  !• 
TW  tlt«i  i| « 1  1m«  1i«j  rliMl.  «imI  »>■  btoct  ^t  t^w  tl»  tol  J.  th»  >  l  '  eH  fci 

and  neck  of  the  embryo;  and  &om  this  point  the  fasioo  exlei 
rapidly  Ubckwu^b^  and  more  slowly  forwards.  Th«  jioint  at 
which  fusion  last  occur;  is  a  little  distance  behind  the  antenor 
end  of  the  ne-ural  tube,  at  the  spot  where  the  pineal  body  is 
fonnnl  later,  the  part  of  the  lube  in  front  of  this  pomt  being 
roofed  in  by  growth  Inekwards  of  the  antenor  or  trtaarrtftit 
neutal  fold  seen  in  Fig.  i57. 

Tite  neural  groove  extendi  back  as  far  as  t^e  bli 
(Figs.  57  and  08,  B),  and  the  neural  lolds,  as  noticed  above, 
beoouM  ooutinaotta  at  their  hinder  ends  with  tbe  lips  of  thp 
Uaatopore.  For  ■  short  time,  after  ootnpletiaa  of  tbe  neoral 
tnbe.  tb«  Uastcpore  still  remains  open,  communicatii^,  as  seen 
in  Fig.  GO,  botli  with  the  meseDtecoD  and  with  the  cavity  of  tlte 
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iwaral  (iil>e.  Very  ahortly,  howerw,  the  fusion,  by  which  the 
iiDural  talw  is  cloasd,  extends  fartJier  back.  ;»  as  to  involvu  t  he 
Upe  of  Uw  blastopore,  aod  tl»e  dxCemoI  opening  of  the  blastopore 
bocomiee  finalljr  cloaeO  (Fi^.  58,  X.  and  Fig.  61).  TIx-  oommnni- 
eatioR  betweentho  ueiiml  ttil:*eand  the  mesenteron  miW  ppisi^u, 
howt>n>r,  tw  a  narrow  tubular  {xuna)^.  tho  nenrenteric  canal 
(Fig.  fil),  jiuRiiig  roond  the  binder  end  of  tlie  notochunl. 
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KlH.  *I>. — I'ntim-etwtccliati  tluowpli  a  frog  RaihtJV,  «t«  MlaKo  eomwpoiMliiiK 
(o  fig.  i\  Ci  ">*1  ibowiD^'  tho  Boanl  foMa  ahortljr  btfora  Um/  iDcot  oaoIi 
elbcT  to  cviai'lclv  tbv  dvuisI  lubc. 

Bf ,  InuT  0*  DirTuui  kTir  of  tflblan.  IL  — n"n«.  MX,  «iMr  ur  lona^rifwle 
^mttumMan.  MEL  ■■»r  (nfluMMitanc  laf*r  if  uHBtikA  HOMnl 
fw^  inX'tn^IfMoC  >  ■i^ialiuwgL  VB.  •vli'l  «ar<l-  T.iomolavn.  w,  ilrcT 
ilbMUBalHH.    T,  ;<U. 

Tb«  npu  rente  rii'  rumt  pcmst«  only  for  n  verj-  sliort  liirx*. 
In  tbf  imniodiHt«>ly  sticcivHin^  stages  the  tail  be^ns  to 
Itrngtben  rapidly,  can^'iug  the  binder  end  of  the  neural  tul>e  far 
away  from  the  meeenteron,  and  tJio  channel  of  commiinii-alinii 
between  tlitt  two  become*  »pt^lily  ol>litPrat«d.  At  tho  timo  of 
hnlcliing  (Fig.  69,  p.  1 16).  tbe  binder  cud  of  tlie  neuml  tube 
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cui'vM  slightly  ilownvTurtlH,  round  Uie  end  tif  the  notochnrd,  but 
^nds  blindly  a  hn^  distance  fVoiu  tbe  roesenieiX)!).  A  string  of 
culU.  c^onni'cting  the  tn'o  struct urrif,  i»  at  thiisstngr  the  sole  indt- 
cntioti  of  the  fnrmpr  commuuicalion  between  tliem. 

The  Deutul  tube,  I'aniied  iu  thL-  way  described  above,  liy 
fusion  of  the  neural  folds,  soon  svpamtee  along  its  entire  length 
from  tin-  oxt-erniU  epiblftst,  and  by  thiclcening  of  it*  walls  and 
various  histological  chaugea  becoiriL*^  couverted  into  the  centra! 
n«rvoaB  system;  the  anterior  part  fonuing  the  brain,  and  tlie 
IKwteiinr  jiiirt  the  sjiinnl  cord.  The  Innien  or  (.-avity  of  tbe 
neural  tubi*  persists  thruughuut  lifaiu  tht-  central  caiml  of  the 
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Flc.  no     K%'ittitl  lOCllCB  ot  a  Vvog  liiulirvi  tlioni.v  U-(oie  clocaie  ot  Ihe 
blfuiofiort!,  nnd  <it  Ibe  tUMMgo  an  ihe  otiihryo  fbown  In  Fii;.  5K,  D.     v  %). 

B,  l<iHiop«K.  BF.  ri-TivdiiLin,  BB.  >><>l'>-^TIllT1.  BM.  mlri-t.nun,  H.  (>yp<'Mii>(, 
LfH  I^Tcr.  U>  rniu^blfin,  UU<  "'<«'<>  U'lun,  If,  ii(pUH<U(»r<1-  NOh  riffureiit«T!i.'  (vniiL 
P.  liucmiitU  nf  »iiib)»t  In  Ii>rin  tlio  pilaHioT,  li-ly.  FD.  vrMt»-k'UBi.  B,  nrMkl 
dlioTtlmlnin nt  (DewnWroii.    S, cnunl  ouuJ  oi  iplnil  «if>L   Y.roUioclU 

spinal  cord  and  the  ventricles  of  tLc  brain  (r!'.  Vigs.  60,  (11,  Gi, 
uid  65). 

The  furthoE-  changes  undergone  hy  the  spinal  cord  &r@  com- 
pWAtiirely  slight,  and  will  not  be  deficribod  in  detail.  Almost 
from  the  first  (Fig.  70,  p.  147),  the  spinal  coril  is  oval  in  tranjiverw) 
section,  ibe  centrsl  canal  being  u  vertical  sUt.  'Plic  layer  of 
rolls  lining  tlie  central  canal,  derived  (t/.  Fig.  &9)  *mm  the 
out^r  or  epideriiiic  layer  of  the  epiblast,  remains  tlirougliout  life 
as  a  layer  of  cotumuar  ci)iatud  epithelial  ccllis;  wbilo  the  outer 
wall  of  the  neural  tube,  form&d  fi-om  tlie  deeper  or  nervous  layerl 
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of  Uie  e|Hbila«t.  gives  risi-  dir(>c4ly  to  tlie  n?rvon«  elAm«nta,  %,i. 
to  the  nerve  Mi  U  antl  nerve  fibres,  or  the  ailnll^  xpinal  cofd.  Tbit 
histolopral  clmngim  \vr  which  the  nervous  olemMita  are  fonred 
will  be  de>srnbed  in  the  ch&pteni  ilMtlmg  with  the  chk-kaiKl  the 
rabbit,  in  wliieh  animala  they  have  bt'en  iovesti^'Wed  more 
coropletrly  Ihui  in  tlitt  frog. 

The  spioal  ounl  cxt*>ntlM  to  t  b«  extreini(}r  of  the  tail,  which  to 
^^  Uw"  lulw rtagw of  tadpole  lil'cJB  of  great  length  (K)?.  44,  e,  lo,  ii). 
^H  Dnrintf  the  abaorption  of  th«  tnil,  at  the  time  of  the  metatnor- 
^^      pboMS,  folly  two-third*  of  the  Wngth  of  the  ajaatii  cord  are  lost. 


2.  Hie  Developmeat  of  the  Brain. 

The  braiu  i^  nivrvly  the  spedaliaed  anleriur  part  of  ths 
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nu.  41.— SngllUl  MCtlon  of  a  Fnf  RmbtTo.  iboctlj^  aflcx  cloniR)  of  tbe  bUu- 
t«{M)t«  and  forantion  of  U»  nnw.  kdiI  of  Ibe  nuM  n^  oa  tbo  eiBbrfa 
■b>«rn  ill  rig.  M.  E.     H  SG. 

ay.  (Br<.Hkla.    BH.  U**-)mli>     BM.  ■iU-MbIk    CHrMtHlNvd.    II,  ■ 


*(  nAtiwt  kUaIi  tf  tv  rtv  «>■  Ihr  |4laltenlio>lr.    tT.  iklMlMl  n«i>w  «f 


UmL~  jlO.  «rl>T  Bl  wunl  lalir.     ETT.  nnmnliriD  <1H«L  ^MT.  pUol  to«r-    P9. 

tip  I  Ti  i¥  I  f  «g>M  wUf-  _..--«  ^ _  _,     .. 

w.Btw.  r.r«i<»«i- 
ni-nral   tnbe,  mid  ie  directly  eontinooti?  poateriorly  with   the 
apinal  cunl. 

While  the  epliml  cord  is  straight,  or  nearly  so,  tlie  brain  ia 
froin  its  lir<t  ft|ipearanc«  b^nt  rather  sbarply,  and  ti^orly  at 
rt^t  angles,  about  the  middle  of  if*  length ;  thi?  axis  of  the 
pCHteiior  part  being  bontoulal  and  continuooe  with  tliat  of  the 
aiHiukl  cord,  and   tho  axia  of  the  anterior  part  vertical.     Tb« 
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wliala  ccntml  norvoae  K^shMn  may  be  compan'd  to  n  wtfirt  (Fig. 
60),  the  bulb  of  tlte  retort  being  fonned  by  the  anteri<ir  and 
vertical  pari  of  the  brain,  av,  and  the  neck  by  tbe  poeterior 
bomoatal  part  of  the  bmin,  together  with  the  Bpinal  cortl. 

This  bt^iidin^ol'the  bmin  is  spoken  nffut  cranial  flexure.  It 
talsBB  plactf,  lis  Khown  in  Fig.  GO,  round  tJic  untorior  end  of 
the  iiotochonl,  and  is  due,  in  the  first  iDHlatice,  to  tbe  spherical 
shape  of  the  surface  of  thi>  «gg  on  which  the  neural  plat»  ia 
formed.  A  similar  ventral  Sexure  of  the  hinder  end  of  the 
neiiiitl  tube  is  pr«'«eiit  at  first,  but  bt«onie-'<  (yirly  obi iternted  by 
tbe  outgrowth  of  the  tail  (cf.  Fig.  5S,  B,  C,  D,  E^.  'llie  ventral 
fleinre  of  the  brain,  round  the  anterior  end  of  the  notochord, 
poraistn  throughout  life. 

Wiy  shoii  ly  after  the  closure  of  the  braiii-tube  is  completed, 
a  slight  transver'S(^  ronstnctioii  ap]}enr8,  at  the  bend  between 
tihe  horizontal  ami  verticiil  portions  t>f  thrr  brain,  and  o  little , 
ifttrr  a  second  constriction  ifi  fiiniii-d  rather  fiirtlicr  forwards. 
By  these  cnnstrictinns  the  bratu  (Figs.  GD  and  61)  becomes 
divided  tut')  thi-ee  (lortioos,  named  foi'e-braiD,  mid-btain,  and 
hind-hrRin  respectively. 

'riio  fore-brain  (Figs.  60  and  til,  BP)  is  the  terminal  ver- 
tical portion,  corrL'Spunding  lo  the  bulb  of  the  retort  ;  tho  HUd- 
brain,  dm,  which  ie  the  smallest  of  tbe  ttiive  divisions,  foniis  the 
angle  of  tho  bond,  ojipoeito  the  antenor  end  of  the  notochonl ; 
and  the  hlnd-brala.  itH,  is  the  honzont.il  portion,  pontinunus 
posteriorly  with  the  spinal  cord.  This  divisiou  of  the  embryonic 
brain  into  three  regions,  anterior,  middle,  and  posterior,  is  a 
convenient  one,  aa  it  obtain:)  throughout  the  higher  groups  of 
Vertebrates,  from  liahes  to  inainuinK  each  of  the  divisions 
givuig  rise  to  important  and  characteristic  parts  of  the  adult 
brain. 

Th«  walla  of  the  bruin-tiibc  aiv  at  first  of  approximately 
uniform  thickiie&c<  iu  all  part^  excepting  the  roof  of  the  hind- 
brain,  which  from  the  fir*1  is  thin.  By  unequnl  thickening  of 
various  partSj  i>spi'cialty  of  the  sides,  and  by  outgrowths,  either 
median  or  paired,  with  atcouipanying  histological  changes,  tlie 
adult  brain  is  gradually  buitt  up. 

In  these  clmugea  the  oiosl  important  share  is  taken  by  the 
fore-brain.  The  fopp-brain  itnelf  becoinos  tbe  part  known  in 
thr  adult  R8  the  tlialaniencephaton,  Its  cavity  pemiating  ns  tlie 
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tiiinl  Teatricle;  from  it  the  pioenl  boily  nnd  rhc  infiindibniom 
are  flereloped  as  meUiau  diverticula,  dorwkl  .ind  ventral  respec- 
tiri'ly;  while  the  optic  ve«icle8  and  cen'bral  lit^inlKplipns  arise 
AH  juuivd  tati'mi  nnd  anlprior  outgrowths. 

The  inid-briiin  undiTgwm  comparatively  little  cliange;  from 
itn  roof  the  optic  lobes  of  thv  adult  ure  formed. 

Tho  hind-brnin  becomes  the  medulla  obtotigata  uf  tlie  adult : 
from  the  roof  of  its  nnterior  part  the  oerebellmn  is  forraed. 

Befon>  ooiisiilerlDif  the  dcvrloptnent  of  the  aevt^ral  f)«rt8  of 
tie  brain  in  detail  it  will  be  well  to  norice  the  general  propor- 
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fio,  ^.  — The  tinin  uf  rliAfidnlt   Vrv^:  iloml  MiifAca. 
Vte.  CS.— Th»  bnia  ol  Ui*  ndull  Vtog :  wwn)  ourfacB. 

T.  ImsA  TtnMdt. 

T.  ltiMli<liiBC«|'li»1i».    fr>J&(*Bi]r  nmn.   tZ,  aptie  mttrt,  

n^m.    IV.  iMitJi Btrrr.    T.  Hf<l' in  Iilr«i1ii«l  —m      TI,  iliik  um!.    Vnud 
TtU.  ooaiblnBl  mt  i<  bcinl  aiul  iiajiturjr  aerVH.    IX  uhI  X  emiiOtA  m*  ol 

tions  nnil  relations  of  the  hrnin  during  (ho  :9ucceeaire  stages  of 
itit  formal  ion.  These  will  be  readily  inideretood  from  comparison 
of  rigs.  60,  t>l,  Gl,  Go,  and  SO. 

At  th(>  timo  of  the  first  formutJon  of  the  brnin-tubo,  btfor^ 
Iht*  hntchinf;  nf  the  tndpole  (Fig^.  CO,  Gl),  cninial  flexun-  is  very 
ctnjngly  inaiki-d,  mid  the  fore-bmio,  iiF,  prcjwi*  far  in  front  of 
•II  QthfT  organs  of  the  body.  Lat^r  on  (t'lys.  64,  65),  both 
thi>«e  relatione  ore  changed  -  ' — in  apppnrs  tn  booomo 
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fttntighteoed  outi,  and  it  aJso  recedes  some  distance  from   tlin 
uitorior  end  of  tUe  Kead. 

Th«  atr&ightening  of  the  bi'nin,  or  roctificaHon  of  tlia  cranial 
flexure  nH  it  ifi  Boinutimw  U-mii-d,  is  apparent  rather  tlinii  real, 
and  is  brought  about  principally  by  the  fornintion  of  tlie  cerebral 
hMiiisphepe*  (i'ii^.  61,  60,  HC),  which  grow  forwards  from  the 
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rore-broin,  and  speedily  attain  so  large  a  sizo  r^lnti^'cly  to  tlto 
ofher  parts  of  tlw  brain  a.^  U)  alter  thp  direction  of  the  axi»of  tJio 
brain  aan  whole,  and  to  completely  obscure  the  original  flexure, 
which  really  persists  tliroughout  life,  Tlie  recedinj;  of  the 
bmin  from  the  anterior  *nd  of  the  hoiid  ii  due  to  tho  niopp 
mjud  grovrUi  uf  the  sLirronndlng  parts,  and  more  e«])ecially  of 
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Th(>  jn«dulla  oblongata  undergoeti  less  diftnge  ihnn  any 
ollior  ])art  of  liw  bmin.  In  tli«  esrly  stages,  up  to  about  l-he 
time  of  formation  of  tlici  month,  it  is  tlie  vridcat  part  of  the 
braiti,  but  afV»rwar<li(  it  i»  uxccwlcd  by  bi>tb  tin-  optic  lijl«ti  imiJ 
theoerebnil  hemispbt^rcH.  It  is  Cbiitinnoutt  jxitiieriorly,  without 
auy  line  of  deuiarcation,  with  the  spiual  coi-d;  wliilt^  anteriorly 
it  i»  nf^aratvi]  from  tbe  tiiid-brain  l>y  a  well-mnrkpd  coostriction, 
deepcat  iloi-iially  and  nl  the  t>id<-j(. 

From  the  first,  tbe  roof  of  llic>  inpdutla  oblongata  ui  thin  ;  in 
tke  later  stages  tbe  ^ides  and  tloor  thicken  very  conaiderably, 
while  the  roof  (Kigs,  (15  mid  84)  ^videns  out  and  bccomt-s  re- 
duced tu  an  extremely  tliin  membrane,  consisting  of  a  singlo 
Ifiyer  of  pignieufed  and  ciliated  epitlieiial  cells,  without  uer^-ous 
elements  of  any  kind, 

Thi-s  thin  roof  is  at  first  smooth  and  level ;  bat  about  the 
time  of  forraatioii  of  Iho  mouth  opcniTig,  i.e.  in  tadpolpM  of  about 
9  mm.  lengtli,  the  roof  becomes  ibiuwn  into  folds  (Fig-  6'J,  x'), 
which  become  deeper  and  more  pronounced  as  the  tadpole  in- 
civoses  in  size.  Lying  on  this  thin  roof,  iind  in  verj'  elu*i- 
coiitoct  with  it,  ia  a  rich  network  of  blood-vos&els,  tbd  choroid 
plexus,  which  oxtendt*  between  the  fold*  of  the  roof,  and  9V 
appears  1o  hang  dowu  into  the  cavily  of  tbe  medulla,  though 
always  in  reality  separated  from  this  by  the  thin  epithelial  roof. 

The  cavity  of  the  medulla  oblongata,  or  fourth  ventrioU,  ■« 
of  considemblt!  size:  it  is  wide  in  front,  ami  tapera  gradually 
towards  its  binder  end,  where  it  pai^es  into  the  ceulral  canal  of 
tbe  epinal  coi-d. 

The  cerebelliuii  it<  an  ini?ons])icuoun  sti'ucture  throughout 
tbe  early  stages  of  tadjiole  life.  Up  lo  the  time  of  tbe  opeoing 
of  the  mouth  it  can  hardly  bo  said  to  exist  (l''ig.  64) ;  but  shortly 
after  this  event  it  appears  us  a  thickening  of  tbe  i-oof  of  the 
fourth  VL-ntricle,  in  the  fonn  of  a  trnnsver-w  band,  immediately 
behind  iJie  constriction  fteparatlng  the  raediilla  obhmpita  from 
iho  mid-brain.  In  the  later  stages  of  development  it  incre&fie^ 
gradually  in  size  (Fig.  S3,  bl),  but  even  in  the  adult  frog  it  ia  veiy 
small  aa  compared  with  it«  condition  in  most  other  Vertebrates. 


Tbe  mid-brain  does  Dot  nudergo  rt>ry  gi-eat  changee.     Its 
lloor  remuiua  tlua  in  the  actaal  median  plane ;  but  immediately 
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lo  (lit'  riglit  Jind  left  of  tlii»  ihe  sides  become  tluct^UL-d  by  the 
fixTUAtioii  uftlicomn  cerebri,  two  lougituiliDal  bundles  ol'nene 
fibree  wbicli  conuect  the  inid-bmin  with  tbt^  fbrt^bruin.  Tliu 
roof  of  tho  mid-brmin  is  thin  in  thi>  early  Ktsges;  Imt  Kbortly 
ftfWtboopfningof  tlitr  inuuth  tin*  tvru  LalTeft  of  the  roof  tbickeo 
considerably,  and.  bulging  itpwartla.  form  a  pair  ofroiindetl  sivpII- 
isgs,  the  i^tie  lobw  (F'ig.  G2,  ol),  svpnriiteil  by  a  nu'ilian  groove, 
'Die  optic  loliT!)  continue  to  iaci'voflc  in  size,  and  about  the 
litno  of  tk«  n]etanioq>W<us  become,  its  in  the  adnlt  fmg,  tlio 
wideM  portion  of  the  brain.  Tlio  canity  of  the  mid-bmio 
peniste  aa  a  fairly  wide  pae^)^,  Uie  Sylvian  aqncduct. 

T)ie  thaiamenoephalon  i#  the  nngiual  forp-brain  of  the 
nabrip-o ;  and  in  conntftiou  with  it  importom  chnnifos  ocoiir. 
Ita  canty,  the  thitt)  veulriole,  i^  »t  tint  largo;  but,  ovring  to 
thickening  of  its  waUs  to  form  tli(>  optio  thalaml,  tho  cavity 
beconwa  early  rednced  to  a  wrtical  cleft,  very  narrow  from  ttide 
to  >id«:. 

The  roof  of  the  tbalamenceplialon  is  very  thin,  consisting, 
tik«  that  of  the  medulla  oblongntn.  of  a  i<iMgIe  biyer  oft'pithelial 
cells,  devoid  of  nen-oun  eleinenls.  About  th«  middle  of  its 
letigtli,  ood  at  the  place  whore  the  liuul  cloanre  of  the  Deoral 
lubi*  was  ctfected,  tlic  pinesl  body  is  formed.  Tlilii  nppriim 
in  embiyos  of  about  y  mm.  Icn-jtli  (Fig.  01,  P>)  as  a  medi.in 
bollow  divt-rticnlum,  which  at  tho  time  of  hatching  of  the 
tadjNiW  (I-'ig.  <)1,  r^),  fomiM  n  .^nmtl  i\)und  knob  on  the  top  of 
the  braiu.  inimedialt>Iy  ben>-atii  the  surface  epiblost.  fbis 
grows  forwardet,  and  becomes  dilated  dialally.  At  tb«  time  of 
opening  of  ibe  inoutb  it  forinsntdimll  roundrd  vesicle,  coniiecled 
with  tho  brain  by  u  tubular  stalk;  it  is  of  a  glistening  whit** 
appenmnce,  owing  to  the  presenci?  of  s^mnll  snow-white  partielcs 
inil>edde<l  iu  its  snlatancr,  and  atniids  in  this  reapi-ct  in  marked 
oontraat  to  tho  rest  of  the  brain,  which  is  pigment^fd  rather 
■tronKly.  In  tadpoles  of  12  mm.  length  the  pineal  body  itRelf 
is  solid  (Fig.  ti'i,  ■*>'),  but  it»  stiilk  is  Ktill  tabular.  Shortly 
after  th!»,  on  tlie  formation  of  tlif  !>kull.  tlio  pimiil  Irady  becomes 
rat  off  from  ita  stalk,  luid  Viea  outi<idf  tlie  skull,  jaat  beneath 
the  «ktn  of  the  top  of  the  beatl.  It  perfiists  tliroughoul  tlte 
tadpoti.-  stages  but  diaippoan)  nt  Uir  tinx-  of  the  uK-tAaiorphosi.". 
Th«  i^alk  of  ihe  pineal  Uidy  jtor^i^ttit  tlirougliout  the  Ufo  of  lius 
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fro^.  ivtainin>^  ix»    tubular   cliaractcr,  and    Us   conimnnicMion 
with  tiip  tliinl  veiitriclo. 

Abont  tbu  time  the  roof  oftJiu  fourfli  wiitiicle  is  becoming 
folded,  and  the  choroid  plexue  eaUiUislied  in  connection  with  it, 
a  similar  change  is  goiug  on  in  rolatioa  with  tin.-  thin.1  v^-ntricl*'. 
ItnmetiiBtely  in  front  of  the  pineal  bcHly,  tlie  thin  roof  of  the 
thalftracucephiton  becomw  thrown  into  folds  which  hang  down 
into  tlie  ventricle  (Fig-  6^,  x).  A  dense  plexiisof  blood-vcswls 
lies  oil  tliD  roof  &nd  grove  in  boitwom  its  folds,  giring  rise  to  a 
choroid  plexQi  .similar  to  tlint  of  the  fourth  VLMitricli;,  but  more 
itwiiiclwl  in  its  txtL-iit.  Tbf  vu«cular  plexus  on  the  surface 
of  the  tlialamencephalon  forms  also  ii  doi-Sftlly  projecting  prooe«t, 
th9  flupra-plexna,  witli  which  the  iliirtAl  end  of  the  Htalk  of  the 
piuLttl  body  is  ill  vury  cIvjbc  relutioii  (l''ig.  Sd,  IV). 

The  iniiindibuliim  (Fi^s.  G4.  Co,  is)  i«  a  depression  of  tJw 
floor  t)f  till'  thalaiDfucfphatuii.  wiih  wliicli  llio  pitiiitnrv  IkmIv 
conies  into  cloeo  reiatioii  at  an  parly  Btjign.  Thi-  iufuiidibuluin 
w  already  n^oogniimblo  iit  the  riiny  of  closure  of  the  nenral  tnbe  : 
its  hinder  wall  ia  in  close  relation  with  tho  anterior  end  of  tho 
nolochord,  and  it  is  in  fnct  ihe  iiifuudihulnr  depression  (Fig,  61) 
which  cu««i-s  the  braiii  to  uppi^nr  to  ho  bpiit  round  the  end  of 
the  iiotochord,  one  of  the  moat  striking  fpatnree  of  cmnial 
flexuri'.  Till'  infundihiiluni  is  6e]Hirated  from  the  mid-brain 
(Figs.  61,  65)  by  a  deep  transverse  ffroove,  running  acrowt  the 
vi-iiitn*!  stirfnco  of  Ihi*  brniti,  iiml  very  cuiispicuoiis  when  the 
brain  is  seen  fntiii  below.  On  t!w  apitearaiic«  of  the  optic 
veeicles,  a  second  traii!tvei-H«  groove  (Fig.  0 1)  is  formed,  further 
forwards,  between  the  optic  veaioles  and  ilie  infundibuliinu  Tin- 
iufundibulum  retainA  tho  same  character  nnd  relntiona  through- 
out all  the  later  st.igr!)  of  dcvplopntent :  it  appeurs  US  a  wide 
thin-walled  sac,  forming  »  conspicuous  projection  on  t.h<?  under 
surface  of  tJio  Inain,  find  having  the  pituitary  body  in  cloaa 
relation  witli  it  posteriorly  (Fig.  S9.  1m). 


Tbe  pituitary  body,  although  not  really  a  part  of  tlie  brain, 
mty  conveniently  bL-  dcsci-ihed  hero.  It  arises  (Figs.  00,  P.  and 
61,  rr)  aa  a  plug^like  ingrowth  of  the  deeper  or  nt-n-oim  layer 
of  the  epiblnvt,  innnediat^-ly  I>elow  (he  anterior  end  of  tho  brain. 
It  appeals  very  early,  and  maj  he  recognised  as  a  slight  rhickea- 
tng  of  tlie  epiblaat  eveu  before  tlie  neural  tube  is  closed;  and  at 


th^  lime  of  wmptHion  of  the  tube  (Fig.  60)  it  pi-oject*  inwards 
as  a  anml),  miid.  tonguc-lik?  prvoces  bencatli  the  brain,  liptwepn 
tliis  and  the  Aonal  wall  of  ibe  pliani'iix. 

TliC  prajodioti  continues  its  |^wtb  inwards. and  cxpiuida  nt 
ltd  end  into  a  xtmewhnl  llHttfm-d  injuut  of  celU.  wliicli  Vms  imme- 
^liatolv  bem'atli  tliu  iiifiiudtbuluia,  closo  to  tliti  aDt^riur  end  of  the 
iM>l4icboitl,  Biid  wliifU  becomes  the  pitoitatj-  bcnly  itself  (Fig,  Oi, 
it);  the  rout  of  the  pi'ocoss  forms  «  blender  er&ltc.  wbich  oonntvis 
the  pituitnrr  body  with  the  siirfnco  rpiblnfit.  Abont  tfae  time  of 
(ipenii)};  n(  tbo  month,  th(>  pitiiitAi-y  body  Kixhiick  hollow  iind 
si>paral't«  from  Ihe  stalk,  which  atro[)bi<>«  and  toon  disftppeftrg 
completely,  'ilw  pituitan*  body  (l''i^.  (i&,  rr),  which  is  now  all 
thiti  rx-maina  of  tJie  original  ingivwth,  acquires  c1o«e  relations 
wiUk  tlio  hinder  en<\  of  the'  iiirundibuliiti),  vrhicb  it  rftaiii«  thraiigli- 
ont  life  (fig.  63,  nj).  It  becomes  ]mrlially  divided  into  anterior 
utd  posterior  portione,  of  which  the  latt«r  fomii)  a  complicated 
uoss  of  convoluted  tiibe^. 

Tbe  opiae  veuclM.  Frum  the  ^idm  of  the  fore-bniin,  about 
tin*  time  tbat  closure  of  the  neuml  tnbo  is  cffi*cted,  n  pair  of 
boUow  Intern)  oatgrowthii,  the  optic  vesiolee,  m-iso.  Each  optio 
Tcdclft  soon  becoin<>.<)  cnn-^tricted  nt  its  base,  so  ns  lo  fonn  a 
balb,  opening  by  a  lubiilnr  slalk  into  the  fore-bmin.  From  llu- 
bulbs, the  eyes  are  deTelop«d  in  a  niunncr  thnt  wilt  b«  described 
latrr  on ;  while  the  optic  sUdks  form  paths  alon^  which  Ihe  fibres 
of  tin  optic  nrn'cs  puss  from  the  cyee  to  the  bmiu. 

About  Ibo  time  of  opening  of  tlie  moulli  (Fiff-  <*4),  a  tran»- 
TDfM  iriTX)\-e  runs  ncniai  the  Hour  of  the  for^braiii.  in  front  of  thi* 
inlnndibnliim,  t.t,  nnd  betnnen  thin  and  iho  viMiiclc  of  the  hemi- 
)t|i)irTvs,  BC.  TbiK  groove  is  boundt^  in  fVniit  and  behind  by 
rxatiHvorse  ridges,  and  ts  produced  outwards  At  itx  two  ends 
into  tliu  tubuloroplic  stalks.  At  n  slightly  later  ^ta^,  about  tbe 
time  of  appearsDce  of  the  hind  limbs  (Fig.  (id),  tbe  stalks  bo- 
«nme  solid  a1oti|r  thoir  whole  len^h ;  the  fnrthcr  phange«  in 
connection  with  them  will  bo  described  in  the  section  dealing 
with  tlie  dcnretopme nt  of  tbe  ere. 


Tka  oenbf&l  hemispherM,  The  heniispberec,  nlthongb  the 
largeat  part  of  the  nilult  bniin  (Figs.  62,  63),  are  the  lost  to 
ippcor.     About  the  time  of  hatching  of  tbe  tadpole,  the  anterior 
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end  of  tiie  fore-bniiu  begins  to  tirow  forvmrda  as  a  mediun  Uiin- 
wnlled  veii«le  of  the  hemiepherei :  thie  steadily  increases  in  size, 
but,  up  to  the  time  of  tlic  foniintion  of  the  month,  remains  dh- 
divided.  At  fliJs  singw  (Fig.  C4,  i)c),  it  ih  npjm>ximAtely 
Hpherieal,  and  aliout  er|ual  in  size  to  tlie  iiitd^brnin  :  its  ruoF  ani3 
anterior  w.'ill  arw  both  fXtreni^lv  f  Iiin,  but  its  side  walls  are  mitcb 
tlitckpned,  so  that  the  central  ca\*ity  is  compreased  laterally. 

Thv  veeiulo  c»ntiuu«s  to  increuse  in  size,  but  rvionins  single 
and  undivided  up  to  a  stage  slightly  later  iJian  that  nhown  in 
Ki^.  Ij5,  wheo  a  division  between  the  two  heinispheres  ttppe&rs. 
lliij:  is  pffi-'ctt'd  by  the  roor  aiid  onterior  wall  becoming  folded  vet^ 
tically  along  tbt;  inedinn  ]i1aiie  ;  the  fold,  wliioh  i*  coiktiiiuous  poE- 
ti'riorly  with  the  choroid  plexus  of  the  third  voutriele,  projects  into 
the  cavity  of  the  reside,  and  partially  divide*  lliia  into  right  and 
left  halves,  whifb  hecotno  tho  lati^ral  ventricles  oFthe  hemispheres. 

Ry  fiirtJuT  growth  forwards  of  the  heinisphon'K,  with  thick- 
ening tif  their  walla,  the  pra|iortiou8  of  the  adult  brain  an* 
gradually  aajuircd  ;  tho  brain  at  the  time  of  the  metaiiiorphosiif 
binng  prucUeally  identical  with  that  of  the  fully  formed  frog. 
Til e  anterior  or  distal  extivniitiesof  the  heinisphei-es  become  tho 
olfactory  lobes;  these  are  at  first  separate  fi-oni  taich  other,  but 
ultimatply  beeonio  fused  together  along  their  itmei-  surfaces. 

3.  Tlie  Development  of  the  Peripheral  Uervoiia  Syttem. 

It  will  lajconvL-nient  to  give  fii-sta  general  dascripliou  of  tlie 
early  fitages  of  development  of  the  peripheral  nervous  system  of 
the  frog,  and  then  to  deal  sepujatdy  with  the  cranial  and  the 
8])inal  aen-es  in  regard  to  the  latei'  phaaea  of  their  fomiution. 
Thci'e  are  Htll)  many  points  on  witicli  our  knowledge  of  tLe 
development  of  the  nervous  system  in  tlie  frog  is  imperfect 
and  unsutisfnctory. 


The  early  rtogee  of  development  of  the  nenrea.  llie  donwl 
rmitacjf  ihespiiml  nerves, and  the  iiinjnrity  of  the  cranial  nerves, 
ttrise  in  closfly  8iiiiilar  inHiiiier,  and  at  b  very  early  period.  Th'* 
lirst  commencements  are  »een  inembrjOK  which  aro  atil)  almost 
Bpherical,  aud  in  which  the  neural  plate  and  neural  ridgeB  an? 
just  commencing  to  form,  but  have  nul  yet  begun  to  fold  in  to 
inclose  tho  nouml  tube  (Fig.  57). 

The  ueural  plate  is  fonned,  as  described  above,  hy  thlckeniug 
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of  tlu'  d««per  or  ticrroiiB  Uiver  of  the  epiMaNt  nlon^r  the  donwit 
ttiirfikce  nf  tho  enibrro.  Along  the  sides  of  the  iieiiml  pliiti>.  wlicre 
it  pMses  into  tlw  tiDrao(lilit.'d  «pibla8t  of  tbo  body  wall,  anil  t>ii 
it«  btner  or  Jumper  »ur&ce,  oppioHite  to  the  cot»iti<>nciii{7  ntMiml 
ridge*,  a  jiair  of  longitudinal  I»iud8  of  epiblBKt  apjtpar.  Tlieso 
an  mi  first  merely  the  Inloral  edges  of  the  iieiirni  plate,  but  tbey 
ooon  IjecotiK'  wjiMiraU-d  by  IJnt'ji  of  d«.-marcation  front  thp  iieurnl 
plito,  and  mther  Inter  from  the  epiblaot  along  their  outi^r  eidos. 
In  transTentc  nectioiiii  they  appear  as  a,  pair  of  small  tnangiilnr 
wedges,  at  the  oides  of  the  n«aral  plate,  continuonit  with  the 
epiblast  above,  but  &oparat«d  by  dirisJoiinl  planes,  ttften  itidi»> 
tinctly  marked,  from  tin-  iwurel  plate  on  tlie  inner  side  and 
dir  giiui'ral  cpihlut  ou  tlie  outt.>r  sidt?  (cf.  Ftg.  'j9^  no). 

TheMf  bandB  of  opiblact  cxdls,  cut  out  from  the  imifr  or 
twrraus  layt^r  of  the  eplhlaot,  nre  at  Gnt  cootinuous  slntctures, 
extending  thv  wlmli-  li-jigth  of  the  embryo.  TTipy  are  spoken  i>f 
as  tbo  Q«ar&l  ridges,  and  from  them  thi>  dorsal  roots  of  tbe 
Hpinal  iierv(?9,  and  tho  majority  of  the  cranial  nen'es,  are  dprivod. 
As  the  neural  folds  groiv  upwards  to  incloses  the  m^ural  tub«, 
ihr  iiviiriil  ridgci*  gi'l  curried  uji  with  tlioin  ;  nud  at  n  time  when 
tKi'  lt]if>  of  the  tube  nre  about  to  unite,  the  neural  ridgo*  (orm  a 
pair  of  lonifitudiiinl  li-inds  (Fie.  o9,  Mi),  ])rojoctinf;  rmlivnrtlH  on 
either  side  from  tht,'^  mig^k-  betwix-o  tho  external  epibkist^  E&, 
And  thi-  wall  of  t  he  ti«uml  tube,  XS. 

On  the  cItMiire  ofttii*  neural  tube,  the  neural  rid^^  separate 
completfly  from  the  cxtcrtml  cpiblast,  and  tho  ridge-s  of  Iho  two 
aide*  become  otiiitiiiDOua  with  «iach  ot  her  ncroax  the  median  plane, 
forming  n  plate  of  oelU,  tlif  neural  CTMt.  attached  to  the  dorsal 
^^       Burfocf  of  thi?  brain  and  spinal  rord  (Fig.  70,  ,\nj. 
^^P  Ax  the  several  divisions  of  the  bmin  are  formed,  the  origi- 

^^      nally  continuotni  uenml  ridgo  of  each  aide  becomes  disconlinuoos, 
I  gttiwiag  uutvtanU  e<o  as  to  become  toore  prominent  ut  cvrtain 

I  |«rt8  of  its  length,  and  disjippcnring  in  the  inlervenmg  regions; 

I  it  thn«  boonnH'f  br-.k.-u  up  into  a  series  of  oulgrowthB,  whidi  are 

^^_      the  mdiniruts  of  the  uerres. 

^^P  Tbi4  DPural  crest,  formed  by  the  fuaion  of  the  two  neural 

■  ridge*,  antl  th'-Tpforvt  also  the  ncrvi-:'  into  which  the  crest  becomes 

I  cot    up.  are  at  tirrt  connecu^  witli  the  drawil  Bnrface  of  llit> 

I  neumJ  tube.     The  pemiBiient  attodimeutd  of  tho  nerves  to  Iho 
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the  growth  of  prooesera  from  tbe  cells  of  the  nerree  into  Uie 
(tnbstaiice  of  thu  brain,  or  apiual  cord. 

Up  to  tliia  point  tlio  »loi-«IopmeQt  of  tbe  criininl  and  tlie 
spinal  nerves  is  pificticall^'  the  seme:  the  crauial  nerves  appear 
at  nn  earlier  eta-go  in  tlio  foi'mntion  of  the  neural  tabs  than  do 
t.hc>  spinnl  npTvea,  ami  art*  from  the  firsit  of  much  largiT  sim 
thim  thesif  latter,  but  ibe  hist-orj'  of  the  early  stages  is  essentially 
the  same  in  the  two  casee. 


The  rpiaal  nenreL  After  renching  the  tiRiiml  crest  stage, 
tJjedevolopmeiil  of  the  spiuwl  m'ni;8  proceeds  for  a  time  verj- 
slowly.  The  nerve  rudiments,  after  a  rather  long  psOBfi,  grow 
slowly  down  between  the  myotome*  and  the  sides  of  tlio  spinal 
cord.  Th«  perraancnl  nttachincQt  to  tbe  side  of  the  oord  is 
acquired  in  the  manner  described  ahove,  by  growth  of  nerve 
fibres  from  th<*  ucrve  rudiment,  or  giuiglioii,  iur^  the  cord,  'llie 
ganglion  itself  enloi^es,  and  the  nerre  fibres  coiitiuun  their 
course  buyond  it  to  form  tbe  trunk  of  tlie  doraol  ur  seiuory  root 
of  iiia  apitul  nerve. 

The  Tentral  or  motor  root  ai-iseB  quite  independently :  the 
detaila  of  itti  development  have  not  been  determined  so  acca- 
rnt«lv  in  the  ftojj  nit  in  other  Ariininlit.  but  each  ventral  root 
appears  to  arise  afi  ft  number  of  outgrowths  from  the  lower  part 
of  the  side  of  tbe  epiiial  coid,  wbirli  from  the  first  occnpy  their 
pormnnciit  poi^itioti«  in  regani  to  thu  cord,  and  wliitU  very  e«r!y 
become  connected  distally  with  tbe  musclett  of  the  Inidy. 

The  dorsal  miJ  veiitra!  roola  of  each  neri'e  lie  close  along- 
side each  other,  and  bcc^omo  bound  togetli(?r  by  a  common  con- 
nectivi^-tiiwin;  dheath  t.o  form  the  trniik  of  the  spinal  iier\-e,  from 
which  branches  soon  ariie  supplying  the  varioun  pai-ts  i«  whidi 
tbi!  iierve  is  distributed  in  the  adult  (i 


iga. 


88). 


The  cranial  nerves.  The  development  of  the  cranial  nervM ' 
of  thi)  frog  him  not  b<feu  very  tborouglily  studied ;  and  there  nrft 
several  pointM  on  wliieh  our  knowledge  is  ttlill  in  nn  unsnti»- 
faotory  condition.  Tbe  norrea  which  are  niidoubt«liy  derived 
from  the  neural  ridpes  are  the  trigeminal,  the  facial  and  auditory, 
and  tlio  Bonsorj-  branches  of  the  glusw-phai-jTigeal  and  paeumo- 
gastric;  i^  the  fifth,  seventh,  eighth,  ninth,  and  tenth  cnuiial 
nerv'es  according  lo  the  oi'diunry  noiueoclature.     The  olfactory 
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ntirv«  ifl  perhaps  to  In'  ndtled  to  these.  Th*  optic  ii«rve  develops 
in  A  rriy  special  inftnufr  ;  aud  llie  modt^  of  (Icvelopmeiit  of  the 
third,  fotirtb,  and  sixth  nerreB  in  the  frog  lias  not  j-et  hnva 
dctvmiinfcl  with  nrcuncir- 

Thu  trigeminal,  fiM'ial,  gloit»>-ptiaiyngeal,  and  ptieuniognstric 
nemst  Although  orising  IVom  tlio  iieuml  ridged  in  the  name  way 
as  tlie  dorsal  ruMa  o(  the  spiii&l  nem-8,  vet  difler  fi'om  these,  and 
ftgtve  AinongBt  themsolvoti,  in  certain  iinporrant  fi-atut-M,  of 
which  the  foDowing  ar«  tiw  principal : — 

i.  The  iierviM  in  ([uwtion,  in  place  of  growing  dowiiwnrds, 
Uk«  the  spinal  iiervea,  alongside  the  centi^il  n^n-oiiH  ^vHtein, 
grow  oiitwardB,  cIom  (o  the  surface  of  th«  embr)"o,  bc-tweeii  tlie 
epihlost  and  lhi>  mesobtaet. 

ii.  Bub  of  tlu-Ao  (mir  aerres  aoquin^  n  Di>n-  counpction  with 
tlw  Borfoce  ^iblnet  some  cortfiidomblu  di^toaci'  beyond  the  loot 
of  origin  from  the  brain,  and  at  abcmt  the  horisuntal  level  of  thc 
notochord  ;  nt  this  plno:-,  and  nt  nny  mir  in  part  from  the  snrface 
epiblafil  ilaeJf,  the  ganglion  of  tb«  nerve  is  furnied. 

iii.  The  uen'es  have  special  relations  to  the  gill-8lit«,  enrh 
oi'rvc  dividing  iiilo  two  main  brnnclicii,  which  embraoe  between 
thorn  one  of  the  gitl-fllito. 

ir.  A  iiperial  yyst^ni  of  ciitant'ODK  neires  ts  developed  from 
the  farface  epiblast  in  ccDnection  iritli  tbcM  foar  oerrcs,  form* 
ing  the  lateral  lino  s^-stcin  of  nervot. 

In  dealing  unth  the  aereral  cranial  nerveii  individnnlly  it  will 
be  couvenieut  lo  coneider  tbem  in  order  from  liehind  forwards. 

X.  'IV'  pnAomogastrle.  vagn*,  or  tenth  eiuual  narre.  Tliia 
gltrm  rapidly  in  the  early  stages,  and  scum  attnin<i  an  enormons 
■ix*.  In  embryos  of  about  H  Dim.  length  (cf.  Figs,  od,  C,  and 
&0),  when  the  neural  folds  have  not  quite  met  in  the  hinder  part 
of  th«  hiwd.  and  the  neural  groove  la,  rht>r<>foro,  still  op^-n,  the 
ptwatnogastric  m-rves  niv  aln-ady  present  oh  a  pair  of  wing- 
like  oxpoueiouB  of  the  aearal  ridge».  The  root  of  attachment. 
nf  ihii  nervi-.  in  the  rc-<.-nteHiig  angle  at  the  lop  of  the  brain, 
betwr^nlheepiblaRtsndthrtbmin  wall,isilender;  but  the  rest  uf 
the  Dam  is  of  gmtt  tbicknoas.  It  oxtendit  more  than  half  way 
ilown  thr  *idi-  nf  the  pharynx,  lying  between  tlio  mesoblnat  and 
tlie  surface  epihlast,  wry  close  to  the  hitter  but  distinct  from 
it  along  its  entire  length  (cf.  Hg.  70,  x).  The  ncrv«  of  the 
two  sidoB  are  in  wme  coses  unequAlly  dere1o)*ed  at  this  stagr-. 
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In  embryos  of  about  1  mm.  longtii  (ff.  Fig,  01),  thft  nt>rve»j 
thvtuHelves  hare  undergone  bat  little  further  clinni^.     At  tli«' 
level  of  tbe  notocbord  tb«  oxtvmul  upiblust  pn;«ents,  on  eacb 
side,  n  viTy  tlistinct   and  lnc;»IiaeJ  tliickt^uing  of  \i»   inner  or 
nervou!)  layur.     TliU  Lbickeuiiig  project*  inwiirda,  aud  liai  very 
cloae  to  tbe  pneuniogn&tric  nerve,  a  little  below  tbe  middle  of 
ite  length,  but  oa  yt.-t  tliu  two  structim-e  arc  ini]op(.Mi<loiit.     Tbe 
thiclcniTi^  ii<  ivoll  ninrked,  nii<l  exteails  liorizontally  biickwudM 
a  little  distance  beyond  the  nerve. 

At  the  tUiie  of  hatcliiug,  i.e.  in  tadpoles  of  about  7  mm. 
length  {(•/.  Figs.  60,  I'l,  and  73),  the  epiblastic  thickening  nnd 
tbe  Dorve  have  fused,  and  togL-tbvr  fonn  the  ganglion  of  ibt! 
pneumcgoetric :  the  horizontal  «xtesMoa  backwards  of  tbe 
thidceoin^,  which  forms  tbo  lateral  lino  nerve,  has  grown  enor- 
mously, readiitig  now  almost  to  tbe  binder  «iicl  of  the  body  of  the 
1adpok%  The  mode  in  wliicli  this  l&terni  line  nerve  ^rrows  baa  not, 
been  detemiined  witb  ctrtainty  iu  the  fiMg;  at  its  Bret  appeal^ 
ance  it  is  clearly  a  ndge-like  thickening  of  Ibe  inner  sar&oe  of 
tbe  epiblant,  hut  it  is  difficult  to  ducido  vrhetlier  tbo  exbeuuoa 
backwitrtls,  which  ici  effed^'d  with  great  m]iidity,  is  dad  to  a 
splitting  off  from  th«  cpiblost,  or  to  growth  backwards  of  a  soUd 
rod  of  cells  from  the  gnngHou  of  the  pneumngastric.  Such 
evidence  as  is  forthcoming  mtluT  favuur^  thy  lint<.'r  view.  In 
transverse  seetiona  at  this  stnge  (l'"ig.  82,  SL),  the  lateral  lina 
nerve  has  the  appearanceof  «  snlid  rod  of  cells,  lying  in  a  groove 
along'  the  inner  nurfooc  uf  tbL*  epihl&at,  ub  the  Icvl-I  of  ilie  lower 
port  of  the  spinal  cot^.  The  lateral  line  nerve  is  of  large  eize 
throughout  \\\y.'  whole  period  of  tncI|)ole  life  ;  it  in  prcseut  daring 
tbe  motamorpliosia,  but.  diaupjic^ara  cimiplebely  at-  itA  clo8i». 
During  the  later  tadpole  stages  it  separates  from  the  skin,  and 
beiComefl  more  deeply  placed  among  the-  muBcles  of  the  body 
wall.  Besides  tbe  main  lateral  line  nefve  described  above, 
othvT  eimiliir  cntaiieoua  brtuicbes  nm  fi>rm<.-i1  in  connection  witb 
Ilia  pneumognstric  ganglion  ;  a  more  slender  uer\'e  is  developed , 
nearer  the  niid-dorsal  line;  and  n  stout  nerve  rnns  at  first' 
wntralwards  from  the  ganglion,  and  then  backward*  along  the 
aidett  of  the  ventral  auiface  of  the  abdominal  region. 

CoDceming  the  furtbHr  development  of  tbe  pueumogastric 
ncrvo  itself  there  are  nomo  points  of  interest.  Tb(>  root  of 
ottocbment  to  tbe  brain,  which  is  ncqtured  in  tbe  Bamu  manner 
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•I  iiml  of  thi*  tlorsn]  root  of  a  epioal  nen't;,  is  froiu  tlie  firat  uf 
considenblt^  length  liori  icon  tally.  Aljout  tlie  time  of  opening  of 
tbe  mouth  the  root  divides  into  two ;  aa  anterior  one,  wiiicb  runs 
nemrhf  etnught  outwuTilx  from  tl)«  bmiii ;  luid  n  |)o>«te-rior  one, 
whicli  ram  very  obliqupir  forwanls,  to  join  Ihe  uiiLvrior  root  just 
bcfeie  ft  reacht'S  the  gantJ^lion.  Tlie  gnuglion  lies  uiiut'diati-'ljr 
bnhEnd  tlie  ear;  b«>yond  it  the  iiervo  divides  into  a  set  of 
bnuiches  which  supply  the  three  liindor  brfliirhial  clpn«.  aiii] 
s  wt  of  vwcerol  branches,  which  mii  to  the  heart  and  alimen- 
tanr  caoftl.  All  thi.'«o  bnuu-he:*  nrv  well  eKtublixhnl  by  tlio  timv 
the  mnulJt  of  the  tadpole  U  fonned. 

IX.  Tlie  plouo-phaiynffeal.  or  ninth  cnnial  nerrs,  it  rormei] 
finm  Cliv  purt  of  thu  nvuml  riil^L-  imitu^diatoty  in  front  uf  thiit 
tfom  which  ih«  pneuino^iiatric  iiervo  in  tK>velii)M:d,  lh»  nxilK  uf 
tlie  two  nerves  b«ing  at  first  oontinuous  nith  each  other.  Tlii> 
lurre  is  very  ainiilnr  to  the  pneumogostric,  bnt  of  i^nialler  »i»- : 
In  tlia  Dpperpart  of  iti4  conrw  il  lie«  iinnieiliiiloly  in  front  of  the 
pneutiM^BStric ;  it  then  runs  forwards  and  outwudi,  rounil  the 
hinder  border  of  th(>  auditory  reside,  to  the  upper  edgi*  of  tbt* 
firet  brniicliiul  cleft,  whr^re  it  vxpaiids  to  fomi  the  gHOgliou. 
tht  ganglion,  HIcl*  tluU  of  tho  paenmojfnslric,  ix  formiMl  in  part 
fhNn  an  independently  ariiing  thickening  of  the  exteroid  epi- 
blart,  whicli  I'utfcs  with  the  uer%'e  rudimeut  about  the  time  uf 
batching  of  the  tA^pole.  The  gmuf^Iion  of  tlteglosso-phar^-ngml 
nenre  ia  sepaimt«d  from  that  of  thii^pneniuopaeiric  by  thoanterior 
cardinal  rein.  BcTond  the  ganglion  the  giosso-pluuryngcml 
runo  downward*,  a«  a  •l«nder  n«rve,  along  tlie  ant«Tior  «<]ge  of 
the  Rrsi  hmnchial  arch,  giving  a  lunall  pnebranchial  bmncli  to 
the  hyoid  arch.  All  the  nmiii  biTutclies  are  present  at  the  time 
ol  opening  of  the  mouth  of  the  tndpole. 

VUL  The  auditory,  or  eighth  nerve,  anaoH  from  Ihi^  netinil 
erttA,  in  t-onimou  witb  I  bo  «nvi-iitb  nerve,  opiweitu  the  middle  of 
the  aoditory  re-^ictc  ;  tliv  two  neni'ee  being  absolutely  rontuiuoas 
with  rurh  otiier  ap  to  ihv  linio  of  formation  of  the  mouth. 
Tbo  aaditory  portion  of  the  oornbinixl  oi>rve  forms  a  largi' 
gKoglionic  Mwtrlling,  wiiirli  ia  continuonii  with  llu^  inner  wall  of 
the  aoditoiy  vesicle  from  it^  ve<jy  earliest  appearance.  In  tJiw 
later  st^^,  as  the  various  pnvtg  of  tho-  car  bi.^c<»ne  tlifierenttated, 
ibf  auditory  nvrve  divides  iuU)  separate  brandiee  supplying  its 
asTenl  ports.     {Vf.  I-'ig.  75,  rui.) 
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VII.  Tlio  fecial,  or  «ev©iith^norvo,  us  noticed  above,  is,  in  its 
early  stages,  continuous  wilh  the  antlitory  nenT.  Boyoud  the 
au(]itory  vt^icU'  thu  faciiil  nurvi*  ruim  downwanls  ujid  fi>rM-urd«, 
close  to  llie  surface  epililaat.  Shortly  befoi-e  tbe  time  of  liatching 
of  tho  tadpole,  the  uerve  becomes  connected  witli  an  injrrowtli  of 
the  opiblodl  at  tho  level  of  the  upper  border  of  thi^  nutochonl, 
and  itt  this  place  the  gaiigUon  i^  formed.  Beyond  the  gaDglioa 
the  aervii  dividi-s  into  lhri>o  priucipal  branches:  (i)  a  sniatl 
cutnneons  brancli  which  appears  to  develop  in  connecrlion  vilji 
the  vpiltlristic  itigroMli,  niu\  U>  bvloiig  to  rliu  lateral  line  senAtt 
of  n«rves ;  (ii)  a  stout  poMt-Ijranchial  hi-anch,  which  runs  down- 
wanla  and  forwardn  along  the  Jiyoid  arch,  close  to  Its  sarfaoe ; 
aad  (iii)  a  small  palutine  nerve,  wliich  runs  forwards  in  the  roof 
oftho  pharynx,  iK*t  fur  from  I  be  inodinn  plnui-. 

VI.  ITw  development  of  the  itxth,  or  abducent  nerve,  ha* 
QOt  been  determined  in  tlie  frog.  Prom  its  gvnentl  relatiooe,  and 
from  u'liat  is  Iciuiwii  cuiiceriiiiig  it*  modi!  uf  foriiuitiioii  in  otli^ 
animals,  it  is  probably  comparable  to  a  ventral  mat  of  s  spina] 
nerffc. 

V,  Thu  trigeminal,  or  fifth  cranial  nerve,  is  th«  largest  of  tht* 
wholi?  seiies;  it  liea  immediately  in  front  of  the  fiicial  nerve, 
with  which  it  i^  in  dost;  relation  from  thn  first. 

The  trigeminal  nerve,  like  I  he  piifunio^iMriir,  early  attains  a 
large  sIe^,  and  in  i  mm.  tadpoles  (^.  Figa.  ^8,  E,  and  61)  extends 
Ijalf  way  down  the  sidr  <»f  the  pliaryni.  At  or  shortly  bt-foi-e 
tJiis  dtnge,  n  thickening  uf  the  ejitcnial  I'pihlabt  occunt  iit  llie 
level  of  the  upper  hordop  of  the  notochord,  immediately  behind 
the  eye,  mid  in  front  of  tlie  auditory  V["sicle  ;  this  meets  and  fusee  ^H 
with  the  iietTr,  thu  two  together  forming  the  ganglion.  llieH 
thickening  of  the  epiblast  extends  furwarda  a  aliort  d!»taiic«  in 
front  of  tlio  ganglion,  and  gives  rise  to  a  cntaiieouH  nerve, 
similar  to  the  lateral  line  nerre  formed  in  conoectiou  with  the 
piieumogiisti-ic  nerve.  Shortly aft«rhatchingof the  tadpole.tlie 
ganglion  of  the  trigeminal  nervo  reccdeu  somewhnt  fiymi  the 
gnrlace,  and  Iwconiea  more  deeply  placed,  tlmugh  st  ill  remaining 
connected  witli  tlic  liiirface  by  the  cutaneous  brancli. 

Befftiv  ft*"   hal-ohing  of  th«  tadpole,  the   trigeminal  nerve 
divides  dihtally  into  ophth&lniin  and  mandibular  hrnnchets  of 
which  the  foimer  ninB  liorizoutally  forwards,  and  the  latter  down- 
wnnlit  and  forwanls,  the  eye  lying  in  the  fork  between  tbe  two. 
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It  the  time  of  opening  of  the  mouth,  in  tatlpoln  of  nliout 
9  nm.  Irngtli,  tliu  cumlilion  of  thu  trigeminnl  nerve  ie  as 
followii : — The  hmto  ftriiea  on  each  srid«,  by  a  single  root,  fi-om 
the  %U\e  of  Ihe  niedullu  oWougnta :  ami.  runiiirig-  Joivnwnrdii  and 
forwards,  expniide  to  font)  the  QaMeiian  ganglion,  wliidi  lte» 
midwu}'  bi-twfcii  tho  vyn  and  ear,  ami  iinini.'(lmt<>lv  in  front  of 
the  ganglion  of  tlie  facial  nprve.  From  the  ganglion  thn-o 
bmocbM  oriM :  (i)  ii  small  but  well-iuarlced  cntutotu  bruioh 
rans  tlirectlj  outwiinls,  WUind  t]ie  eje,  to  tiie  skin,  along  whicli 
il  cnQtinues  forwards  foraahoi't  disianoo.  (ii)  A  lar^'  ophthalmic 
brueh  mita  iMiriaontally  forwards  between  the  eye  and  the 
bmin,  |inmIlM  to  the  ouler  mai-jfin  of  the  hmSn,  and  dorsal  to 
th»  optic  nerve  and  to  the  nose  ;  in  front  of  the  no8A  it  tuni^ 
flli^htly  downwanle,  and  ends  in  branchos  supplying  the  skia  cif 
the  snont:  tho  hindmost  or  proximal  part  of  the  ophthalmic 
ncrro  \»  V(-r^'  thick  nml  gnnj^l ionic,  tJi*^  diiitnl  part  is  tbin.  (iii)  A 
vi>ry  thick  mtndibolar  branch,  which  is  also  ganglionic  at  iti 
proximal  end,  runs  downwards  and  fonrarde  below  the  eye, 
close  to  the  ganglion  of  the  fitcial  nvrre,  but  eep&rated  treat 
this  bjr  the  anterior  cnnlimJ  vein  ;  it  rans  through  tho  javr 
muscles,  and  t^ndii  in  the  floor  of  the  month.  From  tho  mandi- 
bular branch  n  Elondor  maxillary  branch  ran^  forwards,  bem^tb 
tke  eye,  and  along  the  upper  jaw  to  the  anterior  end  of  tho 
bnd,  wlu-re  it  enda  in  the  skin  of  the  uppi^r  lip. 

IV.  The  modp  of  de%-elopmpnt  of  the  fourth  cranial  nerve  <  ■! 
the  fn>g  ha«  not  been  det'^nnined, 

III.  TIte  third  cranial  nervs  'u  aim  very  imperfectly  known. 
Its  early  development  bos  not  yet  Wen  ascertained.  At  the 
tioHi  of  openini^  of  the  mouth,  in  Iwlpoloi:  of  about  9  mm. 
loDgth,  it  i»  present  ha  a  xlendL-r  nen'e,  iiritiing  from  the  lower  part 
of  the  side  of  tJio  mid-braiu,  not  far  fN)m  the  median  plane,  and 
baring  already  tlii^  conrs^  and  relations  of  the  nerve  in  tlie  lulnlt. 

II.  The  optic,  or  leeood  craaial  nerve,  will  be  best  dealt  with 
in  tlie  description  of  the  devclopmfnt  of  the  oyc^  The  nerve- 
flfarcB  nriae  in  conneclion  with  the  retina,  and  grow  inwardt 
aloog  the  optic  stalk  to  the  brain. 

I.  The  olfactory,  or  firrt  cranial  nerve.  The  early  etages  in 
the  development  of  the  olfnctorj-  nerve  in  the  fnjg  have  not 
been  Been;  there  are  reasons  for  suspecting  tliat  il  is  developed  in 
part  from  the  epithelium  of  the  olfactory  pit  it»elf,  and  iwrhnp 
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ftliin  in  piirt  frnm  the  untarlor  onH  oF  the  npural  ruli;!*.  Tin* 
nerro  tlevf«!ops  earlir,  anti  is  rptsognisablo  before  tlio  hatching 
of  the  tadpole  as  r  short  thick  trunk,  connecting  the  Bide 
of  the  brain  vrith  the  thickeiwd  epithelium  of  thy  olfactory 
pit. 

The  nerve  remains  short,  up  to  the*  timp  of  opening  of  the 
mouth,  or  rather  up  to  the  tiiav  when  the  ctMcbrol  hcnii(>i)h{;ree 
liegiii  to  grovr  forwiirds.  This  anterior  growth  of  thi-  efri.'hnil 
heinispherea  is  ttccom imuiod .  as  already  noticed,  by  artjll  more 
raiml  growtli  of  the  anterior  part  of  the  hesul.  in  conscqnence  of 
which  ihi-  olfttcfcory  pits  aro  currii-il  forwucds  from  tL(*ir  original 
poftitinn  at  the  Rides  of  Die  brain,  and  become  ftitnated  in  front 
uf  it.  Thia  causes  lengthi>iiin<j:  of  the  olfactury  nerves,  and  a 
change  in  their  direction;  in  place  of  running  outwrnrds  from 
tho  brain,  ihry  now  run  altno^t  directly  forward)):  the  roots  of 
the  nerves,  however,  still  arise  from  tha  vt-ntral  Burface  of  tlie 
bmin,  i^otnu  disUuicc  from  its  anterior  end,  ua  in  the  adutt. 

Tilt'  tympathetic  nerrom  gyrtem.  The  syinpathfltio  syst^ni 
devolopN  as.i  sfricsotDulgrowtbufroin  certain  of  tho  cranial,  and 
from  all  the  spinal  nerves.  Tlicst>  develop  ganglionic  swellings, 
which,  in  the  Imdy  region  {I-'^'gB.  84  and  87,  NV),  lio  bonoath  the 
DOtocIiord,  and  alongside  the  dorsal  ani-ta.  At  an  early  stage, 
shortly  al^er  the  formation  of  the  mouth,  tlio  several  ganglia  of 
each  sido  bocomu  connected  togctJii-r  by  n  longitudinal  iiorve- 
cord,  but  whether  this  cord  ariaea  independently  of  the  ganglia, 
or,  as  is  moi^  probable,  by  the  formation  of  ontgrowths  from  the 
ganglia,  has  not  boon  dufSnik'ly  deti.'^rmined. 


DEVELOPMENT  OF  THE  SENSE   ORCfANS. 

The  organs  of  npenial  Kensation,  like  the  nerrous  system 
ilaelf,  are  developed  fiwin  the  deeper  or  nervons  layer  of  the 
opihiaat,  nnd  uri?  contiuuons  with  their  respective  nftrx-es  IVom  h 
Pen,'  early  stage  in  their  furmiitiou.  ITie  derivatiou  of  the 
sense  organs  from  the  epiblast  is  explained  by  the  fact  that 
they  are  concerned  in  the  appreciation  of  the  prf.'SPnco  and 
nature  of  oittemni  objectJi,  and  are  therefore  necessninly  formed 
on  the  aurface  of  the  liody.  Tb*iy  are  iu  all  cases  to  be  regarded 
m  specially  modified  parte  of  the  epidermis. 
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aifto  ill  part  from  tli«  Buterior  enfl  of  llio  oi-iira]  ridge.  I'be 
U(?rvi<  (levolope  eaHy,  luul  is  PL-cognisable  berm-e  the  hatching 
of  the  tadpole  aa  a  short  thick  truuk,  coitDecting  the  nide 
of  th«  brain  with  tbc  ttuclcVDud  epithelium  of  the  olfiictorr 
pit. 

The  uerve  remain*  short,  up  lo  the  time  of  opiMiing  of  the 
moiitli,  or  rather  up  to  tho  time  when  the  cerebral  heiiiisphi'ivft 
Iwgin  U>  grow  forward*.  TEiis  JinU-rior  growih  of  the  cerebnil 
heniiMpberes  is  accompuuiod.  ii«  aJn-adj-  noticed,  by  still  more 
nipid  growth  of  the  anterior  pnri  of  the  head,  in  t!On«eqiiencc  of , 
which  tin-  olfiictory  pits  tuv  CJirriL-d  forwards  from  their  oH^nal 
position  Bt  the  Hides  of  the  brain,  luid  become  utuated  in  (Vont 
of  it.  This  cttuBe^  Ifugthfuiiig  of  (bt.-  olfiictury  iicrvpB,  end  a 
chauge  in  their  direction ;  in  place  of  running  outivnixl.t  tVont 
the  brain,  they  now  mn  olmoift.  dir«rtly  forwaids  :  tbe  roota  of 
the  nerres,  bowerer,  still  iirisc  from  the  v«>ntral  Rnrfare  of  tlie 
bmiu,  T^omv  divCADCC  from  its  antrricr  t^nd,  n«  in  tho  adalt. 

The  •ympatltetio  nnrons  system.  The  syrnpnthetie  s^-et^ni 
develops  sHaserienof  outgrij>vt.iii>f]-uui  certain  of  the  cmniiil,and 
from  all  I  ho  Hpinal  nenrea.  Tlie^o  d.-velop  ganglionic  sircllings, 
which,  in  the  liody  region  (Pigs.  8i  mid  87.  NV),  lie  beneath  tie 
notocbord.  and  alongside  thu  doriiikl  nortn.  At  an  early  st^c, 
shortly  after  the  formation  of  Ibe  inonth,  the  several  ganglia  of ' 
each  side  become  connected  together  by  a  longitudinal  nerve- 
cord,  but  whether  this  cord  iiriatm  independently  of  the  gnuglid. 
or,  M  is  more  probable,  by  the  formation  of  outgrowths  from  the 
ganglia,  has  not  been  definitely  determined. 

DEVELorMEXT  OP  THE  SBXSJf  OROAXS. 

The  organs  of  npccial  aensutioo,  like  tbe  nerrous  itystean 
itself,  are  developed  from  the  deeper  or  nervous  layer  of  tltc 
oniblasfc,  and  are  continnous  with  tlieir  r*«pectivo  nerves  from  n 
rery  early  stage  in  their  formation.  The  derivation  of  tbe 
sense  organs  from  the  epiblast  is  explained  by  tbe  fact  that 
thev  urp  concerned  in  tin.-  t»ppreciiit,ion  of  tbe  presence  and 
nature  of  external  objects,  and  are  therufon?  necensarily  fijrmed 
on  tbe  8iirf»cc  of  the  body.  They  are  iu  all  caeeato  be  regarded 
as  specially  modified  parts  of  the  opidermis. 
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■Mimniaoo  ol  iln-  hind  UmtM.  Tb«  plaov  of  MCtton  o(  ths  (1(^  *Mo  of 
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mfnt,  ftboal  the  time  nfclnAomof  the  brain,  ma  puir  of  Ihlckpn- 
iogs  of  the  nen'OQB  layer  of  the  fpiblimt  at  tJie  anterior  end  of 
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the  liBftd,  lying  nt  the  siAm  nf  tlio  forp-brtiin,  qhJ  in  froiir.  of,  and 
.slightly  dof:^  to,  thu  position  in  which  tlio  tnoiitli  will  &IV>er- 
wnriSs  ap[)(>iar. 

The  two  Iftvors  of  epililast  soon  loa>  their  di^tiuclness  in  these 
patches ;  and  a  pitting  in  nf  the  Hnrfiire,  involving  hoth  Iftyers, 
DppcuTs  iu  each  of  the  patches.  The  pit<i  w  funuvd  hecomi'  Utu 
nasal  bscb  ;  the  months  of  tho  pits  formJug  the  noetrils  or 
Riitorior  unre«.  nnd  the  epihlnstic  lining  of  the  pits  becoming 
converted  into  the  olfactory  cpithdiuiii.  Thu  amditinn  of  thcee- 
pit«  at  the  time  of  hatching  of  the  tad]X)lt;  is  dIiowd  from  the 
Burface  iu  Fig.  72.  oc,  and  in  horizontal  iwction  in  Vig.  74.  of. 

The  olfactory  pirs  rapidly  deepen  (Fig.  Cfi,  OK),  rather  by 
the  upgrowth  of  fuliln  i>f  skin  loiinil  their  innrgins  than  hy 
depression  of  the  HoorB  of  the  pita  thsni-ielvea;  the  result  of 
this  process  being  the  foniiatiou  of  a  pair  of  duep  pits,  of  which 
the  iitniT  walU  are  derived  from  the  origioal  patches  of  olfactoty 
fpit]ii.-liiiiii. 

A  eJiort  time  aft«r  hatching  of  the  tadpole,  a  solid  rod  of 
epithelial  cclU  is  fomivd  by  pn>lifemtion  of  the  celU  of  the 
'floor  ol'  encli  olfiictorj'  pit,  Tln-su  rvilji  of  ct-lls  [jrow  downwards 
and  innards  towards  the  roof  of  the  pharynx,  meeting  and  filling 
wijh  ttiid  injiiit^diutely  beliiud  the  aeptom  between  the  pharynx 
and  the  stoinatodauni  (I''ig.  G4),  Shortly  after  tlie  mouth  open- 
ing is  eetnblishiKl,  by  perforation  of  this  wptnm.  the8>e  rod8  of 
c^llsbecnmu  tubular;  aiidintadpolfH  uf  12  mm. length,  in  which 
the  hiad  limbs  are  just  appearing,  the  tubea  open  iuto  the  wji 
of  the  mouth  as  tlio  poslorior  nares  (Fig.  7G,  Zl). 

Jiy  further  folding  of  the  nallin,  and  by  thf*  formation  of 
cccul  outgiutvlhii  fruui  each  sue,  thu  coinpHcuttHi  ulfacloi'y  laby- 
rinth of  the  adali  is  developed.  A  6|]eci&l  diverticulum  of  the 
veBtral  wall  of  each  sac  gives  riee  to  the  organ  of  Jacobson. 

2.  Th«  Eye. 

Tlie  eye  diilbni  from  the  other  genne  organit  inasmuch  ns  ab 
acccfifiory  part,  tkv  lens,  ia  alone  formed  from  the  surface 
epibtast ;  while  the  sensitive  part  of  the  eye,  or  retina,  arisen  a» 
aa  outgrowth  from  the  brain,  and  thus  is  only  indirectly  derived 
from  the  epidermis. 

The  optic  Tetiolet  huve  already  (p.  120)  Iwea  described  m  a 
pair  of  hoDow  outgrowths,  which  arise  froni  the  fore-braiu  about 
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leltmo  tli»t  doKan>  of  rlie  osunl  tahv  is  effV-ctod  ;  tVy  project 
outwards  at  riglit  anglt«  to  the  axis  of  the  heed,  tbeir  outer 
walls  being  in  close  contact  with  the  epidenui^  of'  the  sidvK  of 
bead.  Hacb  of  tiie  vesiclea  becomes  dmatricted  at  its  base,  so 
I  to  form  a  spherical  optic  bulb,  conziActed  with  the  ferc-brain 
by  a  hollow  tubnlur  RiAlk.  Thti  ODt«>r  wall  of  the  Lalb,  which 
is  in  contact  with  the  oxt^niBJ  epidermia,  eoou  Ijocones  fluttcutid, 
and  then  thickeca  so  greatlj  as  almost  to  obliterate  the  cavity 
ofthft  vesicle  (FSg.  67,  OC). 

Tlw  leoi.     About  thist  time  a  thtclcpning  of  the  inner,  or 
tterrouK,  layer  vf  Iho  sur&ct'  opibliutt  takv»  j»We  opposite  to  iho 
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no.  RT.— Trstwrcna  araliua  ihraunli  tho  hoail  at  a  Taalpole  of  Si  mm.  Utnmti. 
•bi'inl  ibo  time  of  kaulitog:  tbt  moUoq  piwiiiv  throujcli  ("V  for*-lmin 
aail  thp  clereloplii):  ajiM.      x44. 

AO.<w«Ud  mrUty.  BT. '■•■''Mala.  DS>  •ininMuAHl  li<*i^iiMl«n  ZTIa  «■■»■ 
imm  Of  hunl  llna  bnaeh  ol  iht  Mgnniuti  nrm.  OC,  liiui  vbII  tS  ti|<tf  fof, 
Qp;  imrir  mO  ■«  n|iur  n|i.  OI*.  l«Mk  OB.  Of*)*  iliilk.  PT,  pliaUMy  Urfr- 
TF.  pWjBL     VJ.  l>*«lu  Tdu. 

wntre  of  i-ach  uptic  v-ceiclo ;  thi«  thickening  increases  rspidly, 
^jumI  at  the  time  of  hatching  of  tlie  toclpole  forms  a  tolid 
lerical  body  projecting  iuwiinis  from  tbe  surface;  this  soou 
liotlow.  by  breakiug  doirn  of  the  ceWa  iu  ita  ceutre,  and 
vwtt  MparnlOM  from  tLo  surface  fpibltut.  Et  ituvy  now  buapokeu 
of  ax  the  Ifnti  vesicle  (Fig.  Gti,  oi.) ;  in  the  later  stages,  after 
the  fonuotioa  uf  llie  inoulh  oprjiiag,  the  lens  vehicle  becomes 
'  aolid  once  more  (i'ig-  <»7,  ol),  mainly  throagh  lengthening  of 
c^tls  of  tL«  inner  wall ;  and  by  further  increase  in  size  it 
Bit  till?  IcDs  of  tbr  adult  rve. 
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The  optie  cup.  T'artly  in  r(ini«*inrncv  of  tJie  ingrowth  of  lli© 
leiiB  vesicle,  but  muiuly  tbrougli  artive  growth  of  (he  walls  of 
thv  uptio  vmcle  itself,  this  laltei-  becomes  pitted  on  its  oat^r 
snrface,  and  so  Cfmverted  into  a  cnp  (Figs.  SG,  67),  Tlii*  optie 
cnp,  Oft  i('  is  tcrufxl.  has  doubli-  wulhi:  the  itini-r  wall  (Figs.  <it> 
aud  67.  oc)  is  very  Uiick,  outl  consieta  of  ci-Ils  ammgw!  Ihrco  or 
four  iloo|> ;  the  outer  wall  (Fig.  67,  oti)  is  tliiu.  and  conaiaU  of 
a  single  layer  of  flntteiifd  cell^  in  whirh  pigment  is  early  deve- 
loped.    (Cf.  Fig.  76,  oc.) 

In  the  later  stages  of  tadpole  life  tlif  optic  cup  slowlj- 
enlu^cs ;  it  remains  in  contact,  with  Uio  lens  at  its  edge  oi-  lip, 
hut  filsewherp  is  separated  from  this  hy  n  spftce,  which  becomes 
tlie  po«t*rior  chamber  of  tho  eye,  and  in  whidi  the  ritreoiw  body 
is  fbrmed. 

The  inner,  or  thicker,  wall  of  the  optac  cup  gives  rise  to  tin 
rettnu  ;  the  molecnlar  and  Duck'ar  layers,  and  the  layers  of  Dcrre 
cells  atid  uervc  fibres,  being  f(.)rriic'![l  by  iiiodilicjitloii  of  thv  ci^lls 
of  the  wall  it«elf ;  while  the  rods  ami  coues  uf  thu  bacillary  layer 
arise  as  outgrowtii;*  from  its  outt'r  surfnce.  wliicb  grow  towards, 
and  bi'como  imbciblod  in,  procfsscs  develo]K'd  from  the  pig- 
mented cell*  of  the  oatcr  wall  (Fig.  ti7,  Od)  of  the  optip  cup. 

If  tht'  mode  of  dfVflopment  of  the  brain  be  cnlbd  to  mind,  it 
will  be  seen  that  tbe  layer  of  epithelial  cells  which  lines  ibe 
cavity,  or  ventricle,  of  the  fore-bmin  (Pig.  67,  up)  is  morpho- 
logically i*qai%'alKnt  to  thu  out*T  or  Lipidirmic  layer  of  the 
tar&oe  epiblost,  and  wax  originally  directly  cuutmuouu  with 
this,  bsforp  elotfure  of  the  neural  groove  was  effi-cted.  As  the 
optic  vesicle  i«  an  outgrowth  from  the  fnre-brain,  the  cells  lining 
its  cuvily,  ».p.  tho  cells  lining  tho  space  betweun  the  inner,  oC', 
and  outer,  oo,  walla  of  the  optic  cup,  will  be  of  the  same  natnro 
as  tho80  lining  Iho  cavity  of  the  fore-bniin  itself 

lie  optic  nerve.  The  fibrp.i  of  the  i)])l;ic  nerve  arc  devflo[>od 
on  the  innw  surface  of  tho  inner  layer  of  the  optic  cnp,  i,t. 
the  surface  next  to  the  vitreoae  body,  and  grow  inwnrd^  along 
the  nptic  »ta\k  to  the  brain.  It  follows  from  wlial  bait  been  itaid 
ill  the  previous  paragraph  that  tbw  inner  surfeoe  of  the  optic 
cup  is  morpho logically  eijiiivab-nt  to  tbe  deeper  OP  uenous  layer 
of  the  epidermis,  from  which  we  have  seen  that  all  the  other 
iwrvM  are  developed,  directly  or  indinrctly. 

I7p  to  tbe  time  of  hnk-bing  then!  is  no  trace  of  tbe  ojitio 
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D«Ti'e-fibivs;  but  tsliortlj  after  this  period  {Tig.  66)  certain  of 
ttie  epillielial  civile  at  tlie  innor  durfaco  of  tlio  optic  cap  become 
PpHform  in  shape,  forming  what  are  temiet]  nenrobluta.  From 
tbo  namiwiT  i-mlsof  the  neuriiblusti<,  ucrvc'-fibrra  gr<»w  out  which 
spread  over  the  venira]  ed^  of  the  opiic  ctip,  antl  jfi-ow  back  as 
a  handle  of  nervff-fib>rcs  aioag  the  ventral  and  posterior  wall  of 
the  nptic  HtAlk.and  towardn  tJie  brain,  lite  optirntatlc  itself  ap- 
pan*utlv  takes  no  direct  p«rt  id  the  forutatiun  of  the  nfrvofibrea  ; 
it*  cavity  bo«otnrs  obliterated  ahorily  after  the  muiith  opening 
is  wtablishtnl ,  except  nt  the  end  next  the  brniii,  where  tJie 
cavity  peraiaJs,  as  the  optic  recoee,  throaghout  life.  The  rest  of 
thr!  ntatk  grndaally  l>-conu<«  broken  up,  ok  the  distance  Ixtwcon 
the  bmin  and  the  ©ye  increases  with  growtJi  of  the  tadpole. 

The  optic  6bitw  reach  the  under  surftce  of  the  brain  shortly 
alter  the  roouth  opens,  and  crosa  over  almrist  nt  nnce  to  the 
opp>^siti>  side  of  the  brain  to  form  tht>  optic  chiftTma. 

The  ntiter  coats  of  the  eye,  chon>id,  sclerotic,  luid  coniea.are 
fbrme<l  frxrto  ihe  me«oblu»t  surrowiidinp;  lite  optic  cup. 

The  eye  develops  very  alowly.  and  dunQ^  the  greater  part 
of  llie  tadpole  Moi^  of  existence  is  in  nn  inijierfect  condition  ;  at 
U».'  lime  of  till'  motanturphoais  it  muvvc  nearvr  to  llic  enrfiKi), 
and  becDfues  a  fiinclionnlly  more  perfect  orjo^an. 

3.  The  Ear. 

Oeneral  aocoont.  The  ears  are  developed  as  a  pair  of  pit- 
lilee  invaginations  of  the  deeper  or  norvoui  layer  of  the  epiblast, 
at  tJie  .•'idea  of  the  hind-hruiii.  Ilic  invagiiiations  do  not<  involve 
ihe  epidermic  or  out«<r  layer  of  llie  opiblaAt,  which  in  continaed 
aeroM  tlie  inotitlts  of  the  pits.  The  atiditoT^*  pita,  tbonfore,  do 
not,  in  the  (rug,  open  at  any  lime  to  the  exterior. 

The  months  of  the  pit«  TCry  early  narrvw  and  dose,  and  tho 
andilory  vesiclee  so  formed  feparate  completely  from  the  epiblast, 
ami  lie  imbedded  in  the  met^obltist  at  the  sides  of  the  head.  By 
folding  of  its  walls,  and  by  tho  ingrowth  of  eepta,  the  vesirle, 
fmni  being  a  simple,  nlmoiit  i«|dierical  raic,  liecotnes  divided  up 
JBto  the  complicated  auditx>Ty  veslibuhi  of  the  adult. 

The  auditory  nerve  beoomea  connected  with  the  inner  wall 
of  the  veairle  at  a  very  early  rtage,  iiHlced  almost  from  its  fir«t 
appearance  ;  the  ri'-Ialiona  of  the  nerve  to  the  wall  of  tlie  vesicle 
bang  HOeDtially  similar  to  those  between  the  other  cranial 
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nervos  and  tlio  spochtl    |ifttelK*i  of 
become  fused. 

Certain  of  the  iiccessory  oi-gnns  of  littiirinjj,  o^p<;ci«lly  the 
Euabacbian  tube  atui  the  tympanic  cavity,  may  conveniently  be 
descaibetl  here,  ulthough  they  are  essi^iitjally  ind«i)>en(leut  of 
llic  audilory  uppuratus,  Rad  only  bi:cuin<i  eeoondurily  conncctt^ 
with  ihis. 

Tlie  eajly  development  of  the  eAr.  About  tlio  timo  of  closure 
of  the  neural  grnovn,  the  auditory  (>pithelium  can  be  recognised 
ns  a  pair  of  tlilcki-nwl  cireiiliir  ])nt<!u-«  of  th«  Jwiper  Uyi^r  of 
epiblast.  ona  st;  each  Kidn  of  the  hind-brain,  with  which  patcliea 
the  aoditory  nerves  are  already  conliniioii!*. 

Suoik  after  closure  of  the  neurul  tube,  in  embryos  of  abont 
3  mm.  length  (Fig.  (W),  i-neh  nf  t!i«H»  pntcbca  lM»come« deprewtody 
forming  a  HhuUuvr  pit^  semicircular  in  transverse  section,  nnd 
covered  at  ita  mouth  by  the  outer  layer  of  epiblaat,  which  is 
ountinued  over  it  n-ithout  interruption.  The  pit  dec^pciu,  and 
the  moath  grail  ually  closes  by  ingrowth  of  its  lips.  Shortly 
before  the  hutchin^;  of  the  t^fidpole  the  cltmiirL-  is  coniplet«(],  and 
tlio  nuditory  vesicle  separalea  from  the  surface  epibl.iat. 

At  the  timi^  of  it«  separation  the  vesicle  ia  a  closed  sac,  some- 
what pyrifonn  in  shupe;    its  lower  or  ventral    portion  being 
Bpherical,  and  lying  opijosili-  tliu  tiut'jchord,  iiud  ite  dorsul  wall  ^^ 
being  prolongt'd  upwmxia  into  a  oliort  blind  divertieulom  lyin|f^H 
ut  the  side  nf  the  hiiid-hrain.     The  wall  of  the  vesicle  consists  ^^ 
of  D  single   layer  of  cubicnl   or  columnar  cells ;  tlioso  of  tbe 
inner  wall,  with  which  tlie  auditory  nerve  is  continuons,  being 
rallier  iiinre  i-lcuf'Htt'il  iiml  Illt^^l^  deeply  ])ifriiu'nt wl  than  the  r<"st. 

The  internal  ear  or  labyrinth,  Alter  closure  of  its  inuntJi  the 
vesicle  inciensRS  coiisiilerably  in  «3to,  and  becomes  further  supt^ 
nted  from  the  auriace  h^  ingrowth  of  mesoblast  between  its  outer 
vaU  and  tJte  external  eptblast.  Up  to  the  time  ofthc  furmntion 
or  thd  mouth  it  undergoes  no  further  change  of  impoitance,  j 
remaining  a.i  a  ;<ph(>rical  .tnc  with  a  blind  (Idrnnl  diverticidtiin. 

Shortly  after  tht-  opening  of  the  mouth,  i.e.  in  tadpole.^  of 
firotn  10  to  12  mm.  in  length,  the  various  parts  of  the  iiitenisl 
ear  become  gradiudly  diffcrentiiitetl,  the  chief  piticww  by  which 
thi3  clianges  are  brought  about  being  the  formation  of  septa,  by 
folding  of  the  wall  of  the  vesicle,  which  project  inwards  into 
the  cavity  and  partially  Bubdivide  it.     Mesoblost  soon  grows  in 
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betwron  the  two  Invcrs  of  rnch  fold.  I  bo  srpta  tlirreby  K()iiinng 
incrrftwd  tliJcknei^. 

TIk-  firvt  )ii>f>luni  wKicIi  appear*  divides  ll:e  vesicV  idW  its 
two  main  caviti^,  sacculus  and  utriculue.  Jt  ariees  in  tadpolet 
of  abcrat  11  mm.  length  as  n  fold  of  thf  ontpr  wall  of  the  vesicle, 
wUcb  projt-'cU  BODiewbat  obliquely  acroas  llie  cavity,  dividing  it 
into  «ii  upper  and  inner  divieioii,  the  utrionlu ;  and  a  lower 
nnd  niiti>r  portion,  thv  luoalai.  'Die  oeplim)  is  at  itrBtconfinod 
to  thn  hinder  part  of  thii  ro^iclo,  but  soon  extends  all  ronnd  it; 
■od,  grawing  inwardx,  xepftmtcJi  tlie  two  divinions  almost  com- 
p]«t«)y  from  each  other,  a  vm'  small  aperture  of  communicntion 
oJane  pereieting  between  them. 

Pr<'.<tii  tttiMitricnlus,  the  aemioIreularetsaUnrc formed.    "Each 

eanol  is  rwilly  n  pdriion  of  th<^  iitrimilnfc.  nliicli  K-couiM  pnrtinlly 

ifaot  nfl  from  thi*  main  cavity  by  the  formation  of  a  spptum 

along  tlie  iniddlf  (K-rtioii  of  i\n  length  ;  remaining,  however,  in 

commtioication  with  thi?  cavity  at  each  eud.     Kach  scptam  la 

funned  hy  two  separate  foldff,  which  grow  townrds  c-acli  other 

•tram  oppLvilc  aidt'8  of  the  Tcsii-le,  mecl  aUmy-  their  edges,  and 

\im>  (o  romplete  (hf  £«ptiim  (Kig.  7'f,  p.  1(52).     The  eeptum 

(■oon  thiekt^ne,  Ihroupb  the  ingrowth  of  me«oblaet  between  its 

'layrn  ;  it  also  rlon[:ratpa,  and  rm  ratutcs  Irngthniiiig  orthocaiiaK 

wliich  gmdnnll)'  actiuin'^  tb<>  adult  sha|>f  nnd  reliit.inii'i. 

or  the  three  »emicirrular  canidi,  the  anl<-rior  v«<rtical  and 

the  boruLHituI  arp  formed  iiimiiltaneODgly,  and  fir^t   appear  iit 

ladpolcB  of  about  II  mm.  length.     Th«  posterior  vertical  camil 

anaea  in  the  anme  way,  bat  at  a  slightly  hiler  stage,  in  tadpoles 

LOf  abont  lo  mm.  length. 

Thpampallge  of  tbesrmirircniar  canals  are  formed  later  than 

canals  tbemtelvrf^  not  m  dllatntions  of  the  codkI*,  hnt  by 

istriction  of  parts  of  the  ntricnlns,  at  the  pla«?e<i  where  the 

open  into  it.. 

Thf  HHvuJ  divioinn  of  tho  Te*il^h',  or  paccolus,  grows  down- 

ind  soon  ftc^piire*  thif  {K'uch-liko  cli-trncter  i(  hna  in  tho 

Fntni  ita  iip|)er  aud  hinder  [lortiims  three aonnll  bulginga 

w  poQch-Iike  outgrowths  appear,   which  togetlier  form    the 

.  Mchlea.     Of  these,  Ih^  lag«aa  eochl««  i»  th>.-  Inrgr^  and  tlio 

.aarlii^t  to  appear,  ariBing  in  tridpcileB  of  about   lo  mm.  length; 

ibe  pan  oegleota  appears  shortly  ancrwurds,  and  the  pan 

,  tenlaris  hut  of  oU. 
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The  inner  wall  of  the  auditory  vesicle,  r«dng  tlie  bnun,  19 
from  tlm  &nt  composed  of  cells  u-hicb  iirc  raoro  columnor  in 
shape  than  those  of  the  rent  of  the  vi'sich-  (Fig;.  75,  EV)  ;  and 
it  is  \ritb  these  elongated  ci^ILs  Ihut  tlii>  auditory  nerve  ia 
conni-ctcd.  A»  the  ^-csicle  groira,  and  as  the  septa  form,  by 
wliich  it  is  divided  up  into  its  vni-ionH  portions,  the  patrh  of 
epitlielium  with  wliich  the  nerve  la  cuutiituoug  also  divides, 
giving  riac  to  all  the  sensorj-  patches  prewot  in  the  adnh  ear. 
Of  thetia  therrt  are  eight : — ont*  in  onch  of  the  thr<*  ainpiilhc  of 
tho  semicu'cular  nuiala,  thn-o  in  Ihv  cochl«n,  imv  in  thi;  waU  of 
the  aacculus,  and  one  in  tliat  of  the  utriculua. 

The  dnrsnlty  directed  divertieidiiDi,  to  tvhich  the  pyrifonn 
uhupc  uf  thu  vt^aiL'le  in  it«  early  Rtjiges  is  due,  pentiiits  in  the 
adult,  Jiiid  undergoes  a  rather  reaiarkaWe  developoient. 

On  th*^  forinittion  of  tho  Kuptiiiii,  dividing  tho  vesicle  into 
sacciiluB  and  utricnlus,  the  diverticutum  remains  in  coniiectioo 
^vith  the  Inner  »ide  of  the  eiu:culus.  It  elougnt«s  coasidt-rsbly, 
growing  tipntirds  cloae  alongside  the  hrmii  as  the  reoeanu 
Tertiboli  (Pig.  7-1,  eh).  In  tadpoles  of  about  UO  inm.  length, 
the  distal  bluid  rnd  nf  the  rt'ccasus  veatihuH  dilates  to  rorm  a 
thill-walled  vesicle,  lying  nn  the  i-oof  of  tho  B^iirth  ventricle; 
while  the  rest  of  it*  length  forme  a  narrow  tubulai- duct  with 
rather  thick  walls,  which  connects  the  dilated  end  with  the 
saccuhia. 

At  the  tiTn(>  of  tho  nietAinorphosia  the  dietal  Utin-walled 
dilatation,  <ir  br-CCU  endolymphaticus,  ha.4  increased  greatly; 
it  lies  wiihiu  Ihe  skull.  U.-Iwl*l-u  this  and  Ihe  brain,  as  a  large 
lyic  with  thin  but  verj-  vascular  walls,  covering  the  roof  of  tho 
liind-hrain  for  a  coniiidemble  leogtb,  nncl  extending  downwards 
along  the  stilra  uf  the  brain  and  huncath  its  floor  as  well,  Hia 
sacs  of  tlio  two  sidett  meet,  both  above  and  hehiir  the  brain,  and 
apparently  open  into  each  ofJier;  in  their  cavities  abundant 
calcareoiiH  concretions  niv  found. 

Tbo  stalk,  or  ddctos  endolymphatioui,  ])c-i-»ii<tri  as  a  narrow 
tube,  which  passes^  throut^h  a  hole  in  the  skull  wall,  and  connects 
the  eaocuH  eiidolympbuticu^  with  ihc'  sacculus  of  the  JuternaLi 
ear.     These  qplation^  of  the  snccuij  and  ductus  endolympbatious 
are  retained  in  the  adult  frog. 

In  the  luesohlast  surroiniding  tho  intt^nal  ear  the  perilymph 
spaces  are  foiuied ;  and  beyond  the&e  the  cartiluginoas  and 
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»  valEg  of  llie  anditory  capsulo  ore  laid   dawn.    {Cj. 
B.  75  and  m.) 

Tlie  Kcoeuory  anditory  apparatu*.  \\-  will  l*e  convvtiimt  to 
^nsid<>r  hriiv  the  dvv<-Iopiiifiit  nt'  Lltt<  Kastachiati  tiiW,  and  tliD 
txinpiiDic  cavity  oiid  uKriiiliranc,  wliicli.  Iliuugb  ouly  wcoiidary 
{■iirld  i>f  thv  orj^D  f)r  lieariii^,  are  exoecdingly  c-liarocteristic  of 
lum-etml  Vurli.-'l>mU'«,  of  contrast^od  with  tlie  truly  aqnntio 
VertfbrateH,  or  Fisht^. 

Tlie  Etutaehian  tube  and  tympanic  cavity.    Tbe  details  of 

developiiK-Qt  of  those  part^  are  uot  thorougLly  dctcnniiiod, 

Th«   KuHtachtan    tube   appears  tirst    in    tadpolcH   o1  about 

25  mm.  l(.-a};th,  an  a  solid  rod  uf  opitlwlial  cells,  ruiiitiiig  for- 
3«  fmiii  th«  anterior  aiid  dorsnl  ttdgo  tif  tho  Gntt  bmncliinl 


At  tbe  time  of  the  melainorpbosis,  wlieii  tbe  fore  legs  arc 
itded,  the  BuBt«chian  tube  is  a  rod  of  evils  with  a  venr  ill- 
Ined  Inmcn,  starting  fruin  tJu-  ilurW  and  nnteriur  purt  of  tho 
pharynx,  and  extruding  straight  forwards  beneath  tbo  eye  ;  it 
ifl  fili^htly  dilated  at  its  distal  end,  which  lies  opposite  the 
uDicrior  border  of  llii.'  eye. 

During  llie  mctAinnrphoai!),  the  Knfltachian  talie  wparates 
the  phaiyox,  and  divided  into  a  Toriable  nuuilH-r  of  ehort 
engtiis;  those  gradually  sUift  backwards  to  tbe  pofaitioa  occu- 
pied by  the  Eoitachian  ttibc  in  iho  ndult  frog ;  by  the  tinK*  tb« 
lit  of  tho  tadpole  iit  oooipti'tvly  absorbL-d,  thi^  iievi:rul  leiigthn 
ito  together,  and  witJi  a  diverticulum  from  tbe  pharynx,  tu 
fbmt  tht<  definite  Eustachian  tabv  of  tho  adult,  which  now  nine 
iUHSt  directly  outvardH  beneath  the  ear.  The  tympanic  cavity 
memly  tbo  dilat«d  uutvr  t-nd  uf  this  tube,  lying  juat  bcut-uLb 
th«  surface  ;  and  the  layer  of  i>kiri  closing  its  outer  end  is  the 
tympanic  nienibrnm-.     (Cf.  riir,  G8,  K,  D.) 

I'Vioi  thifi  oix-ount  iL  appi-nni  that  thi>  tympiuiic  carity  dooH 
Dol  ol  any  i»eriod  open  on  the  smrfoce  of  the  head ;  and  it  is 
ibtiiil  whetbor  t\u*  EuslAchian  tnbo  in  the  frog  hoH  any 
Snite  relation  to  a  gill-clell.  It  ts  very  probable  Uiat  in  tbta, 
a*  in  many  other  fiiniurvs  of  ita  embryological  Hiiitory,  tb«  frog 
s»  a  modified  nltlll^r  than  a  primitive  typ»  of  dovetopnh-ut. 
Tha  tympanic  cartilage.  In  tadjioles  of  about  -10  mm. 
li,  shortly  bcfurv  the  foru  hrgti  ■.■mi-rge,  tho  tyujianic  cartj- 
I  appmra  aa  a  desM  mass  uf  cells,  itiirrounding  the  anterior 
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end  of  tku  Kiustocliiau  tube  at  a  timt?  wbpD  tliift  liee  below  tlie 
ere.  During  the  inetaiiiorpliosifi,  thU  ring  of  c«lls  pnwcrves  ita 
relation  with  the  outer  end  of  the  Euitochiati  tube,  or  tvmpuiic 
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Kio    M,— A  ImtiRven"'  ^l'."j '-in--  tiiM  |iii.i-'r  mr  jiarl  o(  tlie  Iiewl  of 

ndult  Froff,  *ho»nu^-  '.lit-  ]."i?itiiiii  aiiil  r-jIri'iuT)*  of  llw  anttllory  argt 
BuBlaEhlaii  tube,  and  liyoitl  .if'[<iimliit.  On  tlio  riK'il  Ki<l«  tfae  KMicB 
fNUups  ttiruufch  tliu  Ij-uiiiiinlo  oitvliy  and  th«  aoIuidcUb  ;  on  Uia  1«fi  Mt 
thr«U)Cli  the  Mtlerior  mrnii  dI  Iho  hyoiiL  The  oartflnge  U  dotta^,  Wid 
the  boniM,  «xcopt  clio  r,o1iiiiicllit,  reptoHnicd  blnok. 

A.  fBTUphpriDliI.  A.S.  anRiilniiilPnliit,   B>  tHUXak  DnTity.  O  colnnMOi.   D  l)^^ 
tMnli!  ninubnuit.    E,  Biuucliliiii  lubr.     F,  aalcrlu  wnta  e<  ilir  li)->lil.    Jpp,  tna^ 

■odKruT'  MTV'.    Ii.  ri-ittiiili'  nI  I'lu  etr.    M.  ajidirlur  toikal  HalelmilBr  < 
W,  horimiul  inulfirp.ilrir  oiiiiil-    O-  I'n-'rtlo.    P. jiU'fTin'I'l     A.  ^ unlraU  i 
B,  qudBtlajuiral.  8.  mjiuudohI.   T.  t.m>i»lil<?  ■'oriflikef.   T.  vmiu  Mid.  T 

carit}-,  and  gradually  «Iiifls  buck  with  ttii^  latter  to  its  ndoll 
position.  A  bar  of  cartilage  appears  in  its  ventral  portloD, 
which  gratliially  extends  at  its  ends  until  it  forms  the  compli 
auuiilur  tympanic  cartilage;. 

The  development  of  the  aaditorjr  ossicle,  or  columelU  (l^g> 
08,  C),wUl  be  dt'Bfribcd  iti  the  sectioa  dealing  witifa  the  develop- 
ment of  tho  skull  (p.  2(>;^). 

4.  The  Cataaeous  Sense  Or^ns. 

During  the  tadpole  Btago,  while  the  animal  is  leading 
nquntic  life,  spednl  sonso  organs  in  the  form  of  Binall  epidermal 
popillu)  are  pnwcnt,  arranged  in  rows  along  the  bnrlj-,  rnnnd  il 
eyes,  and  on  othur  purts  i^f  th«  Iit-iid.     Tliey  nit;  siijiplivd  by  thi 
lateral  line  series  of  branches  of  the  triHereinAl  and  pneui 
gastric nerrp»,  which  have  ali-eady  been  described  (pp.  130, 132);'' 
tbcy  are  Wt  completely  at,  or  shortly  after,  the  time  of  tlie 
metamorphosis. 

The  inoutTi   of  the  tadpole  i«  nlso  provided  with   spodnl 
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pnpille,  probably  gustatory  in  fuDction,  wliicli  are  lost  ub  tbc 
time  of  t)ir^  trAiuformatiuo  to  the  frog. 


DK\T.Ijr)PMENT  OF  THE   ALIMENTARY  CANAL. 

1.  Oeaeral  Aoeooat. 

llie  liUuwtitJuy  cannl  of  ilio  frog,  like  Iliat  of  ctliL-r  Vi^rt<- 
bratcfl,  ia  dei^loped  m  tliree  lengtlia :  (!)  the  mesenteron  (Pig. 
69.  t),  which  ifl  fonoed,  as  ftlre<ady  deacribed,  by  a  process  of 
splitting  aniongfit  the  yolk-cells,  and  which  correnponils  1o  (lie 
n)««ent«n>n  or  gnstrala  csTit/  of  Aiiipbioxoe :  ihu  mcscDteroti 
of  the  frog  giv4*ii  rise  to  iiliooKi  the  wtiol^  Ivmgtli  of  tliv  iili> 
uiwitary  canal,  from  the  pbaryux  to  the  iwrtum ;  and  from  it 
ure  developed  tJ>e  gill-cteAe,  tlie  thyroid,  the  thytima,tlie  lungs, 
th«  liver,  the  puicraa*,  uid  tlic  btnddvr,  (ti)  'l^e  itomatodttUBi 
(Fig.  (>f>,  on)  is  n  pitting  in  nt  th»  anterior  end  of  the  body, 
from  which  tfae  mouth  opening  lind  buccal  cavity  are  formed, 
and  in  ctmnertioD  with  which  the  lips  and  teeth  lire  dereloped. 
(iLi)  The  proctodlBttin  (l''ig.  60,  ^^)  in  a  pockvt-likc  d<>pn>8slon 
at  the  hinder  end  of  the  body,  which  given  rise  to  the  anal  or 
doftoiil  o|)cTiing. 

The  me>eat«ron.  Tlie  mode  of  de'Velopnicnt  of  the  ineeen- 
trroii,  up  to  thf  Htngo  ishown  in  Fig,  bt>,  hoH  already  been 
deK^ibM.  At  itti  fir^t  ap|M-aranc<*,  aiid  tliroiighout  tlie  early 
stagea,  the  mesenteron  haa  valla  of  v-ery  uQM|nal  thickness ;  th« 
njofor  doTWl  wall  (Fig.  iJ6)  being  tlun  ;  and  ihe  tloor  or  reutral 
wsll  behtgof  grvnb  tliickii««ii,  owing  to  the  large  Hizo  of  ibv  yolk- 
celU  which  form  it. 

A  f)er  separation  of  th6  metiobhhsl  cells  aa  a  distinct:  layer, 
aad  the  definite  formacioa  of  the  notochord,  this  difference 
brcomex  still  more  marked,  thv  roof  of  the  mocvntcron  (Fig. 
oG,  T)  oonsiHting  of  a  :iingle  layer  of  hypoblast  cells,  whilu  the 
floor  ia  furmed  by  the  thick  mass  of  yolk-cells ;  oc  the  sides  the 
transitioD  from  the  thin  roof  to  the  thick  floor  is  a  somewhat 
abnipt  one. 

As  the  central  nervoua  avHtcm  is  foi'med,  and  the  shape  of 
the  embryo  becomes  more  dearly  e«labli»lied,  the  meoeuberon 
aoquiras  more  doHnite  charact«ra  {ef.  Figs,  ob,  T;  60,  id).  By 
trolargcinent   of  its   anterior  end    a  vridt-   pharyngeal  cavity 
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«harply  murkecl  off  from  tUe  pharyngeal  region  bj-  a  backwtttdlj- 
tUiwtW  diverticulum  (Rff.  60,  l),  which  forms  tJie  first  com- 
i»(>ncet»«nt  of  thi>  livor ;  wKilo  at  tho  hinder  i>nd  of  the  body,  by 
irithdniwal  of  the  yoIk-]>lnsf  froni  tho  surface  of  the  embryo  {rf. 
Figi.  55  und  00),  tit"  poRttrior  limit  of  the  yolk-iniw*  bocoinc» 
clearly  deRiied,  tuid  the  sitort  rectal  diverticulom  (Fig,  60,  r) 
opened  out. 

At  the  time  of  hiUrhing  of  the  tadpole  (Figs.  G9  aad  74), 
thi«  tUstinction  between  a  wide,  ihin-wnlled  pharyngeal  rogioo. 
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aaixjo  3}  ma.  in  lenglb. 
tbrjt»  of  ibe  MUM  nge.) 


•  l<lt«  of    tbe  IcaK*I>  ot  a    Frog 


(cy.  Vig».  dtf.D,  and  W  tot  otlwr  vlcvn  of 
«K. 
OB,  •MM'Wnl.    CJ.MbwtaalH'  'M.mjwnd.  OS,  fpbiwloMiaL    >• 

ivAtt  tflM  MKT*.    HB.  itMl  carL    ^_.     .!_iual»adD  lajv  nl  iiwOTlM«.    BP< 
Hbwrteiptwatt  bqr«  •!  NMsldiM.    T,  lutaMuul  Hfjan  «t  nifMiMtratL    T.  rvlk- 

and  H  tmrrovr,  tJiick-u-iill(><I  intestinal  ]}ortioa  Is  veiy  welt, 
marked,  Che  pnsea^  fmm  one  regiou  to  the  other  (tijif.  74) 
ImDg  an  iibropt  oih*.  Up  to  this  time  tho  alimentary  canal  lias 
lifeii  [wrfivtly  slmight,  but  ehortly  after  hatching,  and  ospeotally 
riler  tbo  farmation  of  the  iiioiilh,  the  intestinal  region  i-lungutes 
Teiy  rapidly  ;  the  food-yolk  is  speedily  nbsorb«d,  and  the  intestine 
becotnrs  n  loDg  tube,  Coiled  in  a  choracivristic  spiral  mannor,  and 
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uf  Uic  riariiil  oiM-nings, dkidee  tlw  stomalodieal  from  th«  pliaiyn- 
gpftl  |K>rtiiiu. 

Aft«r  tbe  mouth  opening  is  rstAbliebcd,  tlie  lips  of  the 
Bton>atoda}itin  grow  foTvnnU  rapitU}-.  «n<]  in  odtinedion  with 
tlifin  the  powerfal  horn)*  jaws  of  the  tadpole,  by  which  itcK^ 
it*  food,  an*  speedily  dtn-«loped  (Fig-.  65,  j). 

TIm  procUdami.  Ihe  meMinU'ron,  front  ito  fimt  appcar- 
maer,  and  ihroa^hout  the  earlyetagefiof  deTHlopment.  cwmmoni- 
GRtes  with  the  exterior  Ilinni^h  iht^  blftst-opore  (Fig.  GO,  it).  It 
■lao  oommunirat*^.  through  the  iieureuteric  catiBi.  NC,  with  the 
«ntral  canal  of  the  spitint  cord  und  brain ;  tliis  commnnication 
paniats  lor  aomc  tiine  aft^-r  t)ii'  l>liuto]K)n-  ha»  clowt)  (Fig.  Ql), 
Wt  IB  lost  when  tb<-  tail  Wgiiu  to  lenglhcn  (Fig.  CO). 

Tlio  proctodo^al  in  rafri  nation  app4>ar8  as  a  pit-likt'  d^proaeioii 
at  the  virntral  end  of  thn  priniitivp  streak  (Fips-  08,  n,  C,  P, 
and  60,  Fo).  In  fiiiltr},'<>»  uf  itWut  1  mm.  length  (Fig.  til),  iJii« 
tDiragitifttion  reach«fl  and  opens  into  the  i««Cal  portion  of  the 
BMwnterDD,  i^.  tbe  portion  which  lies  posterior  to  the  mang  of 
jolk-oelU. 

The  cliMure  of  the  blastopore  QBUaUy  occtira  before  the  a&al 
{nrforatiOQ  is  cDii)pIfte<] ;  but  it  may  happen  tlint  the  two 
openings  into  the  mc&pnrrmn  ore  prcaent  for  a  time  simul- 
taaeoualy. 

Ill  tiit>  ing  this  proctodtcal  invagination  is  a  new  opening 
into  the  mcstiiitiTCHi.  and  19  not  n  persistent  part  of  the  original 
eomuiuiiicorion  of  tb»  tni'aenlcron  with  th«  exterior,  tbrougti 
the  bhutojNire.  If  it  be  boruo  in  mind,  however,  that  the 
proctoiljeal  inva^'inatiun  appean  in  the  primitive  streak,  and 
■a  an  actual  deepening  of  the  ventral  end  of  the  primitivB 
groove  (Fig.  ■'>8,  B) ;  and  furlhi-r,  tbiil  tlu-  priTnitive  .iti-Mit  ik 
ffinn«d  liy  concrescence  of  the  lips  of  the  bla«lO]ior«.  then  the 
funnation  of  (be  proctodeeal  invagination  may  be  viewed,  not  ts 
an  ectiraly  indepoodent  deprcK^ion  of  tfav  sarfiu:e,  but  as  a 
iv-opMiing  of  tht>  ventral  jwrtion  of  the  blastopore.  Thia  view 
is  vtronfcly  iinpportcd  by  the  devrlopmeDt  of  other  Am)>hibiaRs^ 
in  some  ofwhieh  the  blasLopotv  actually  persists  as  the  anus. 

It  will  be  noticed  that  the  proctoda^at,  or  anal,  opening  is 
cstsbliahed  sumo  time  Iwl'ore  tb«  embryi)  hateben,  while  the 
atomatodual  or  niuatb  opening  is  not  fonued  until  a  consider- 
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ablj  latei-  ppriod.  'lliis  early  appeai-niicc  of  tlio  proetodseal 
opening  is  pi^rbapu  to  bu  aiiaociatcd  vritb  tbc  eurty  formation  of 
thi?  kidneya,  wliich  ai-e  alrt^ady  pi-esent,  and  liavc  ducts  opeiiiDf^ 
into  the  hinder  eud  of  the  mosentt-mii  (Figs.  69,  ka.  and  74,  KP, 
ka),  shortly  Wforo  the  lirap  of  hatching  of  the  tadpole. 

The  develojiiiit^nt  of  (lie  sei-end  regions  of  the  nliiiiontar 
cana),  and  the  strnctures  arising  in  connection  witli  iWni,  will 
now  be  dcacrjlied  i«  more  detail,  with  the  exce|)tioa  of  the  gill- 
clefts  and  gills,  wbicb  form  the  subject  of  th«  next  section  of 
this  chapter. 

3.  ThftLips. 

The  mouth  o?  tJip  tadpole  U  vory  smnll  compared  with  that 
of  the  (rog  ('•/.  Figs.  8b  and  8)3,  p.  133).  It  is  sui-roundod  by 
prominent  friil-likc  lips,  which  fomi  a  short  contcnl  proboscis 
(I'iga.  83  and  85,  li,  Ij).  The  inner  surfaces  of  the  liji*  Ixwr 
rows  of  minute  t-eeth,  and  at  tbo  bottom  of  the  funnel,  sepa- 
rating the  proboscis,  or  Inbifll  cavity,  from  the  buccal  ca«ty,  U 
tbf  b(.-nk,  foraicd  by  the  two  powi-riul  horny  jaw»  (Fig.  0-J,  i). 

There  luc  two  Ilpfi,  upper  and  lower,  which  are  coiitiuuouK 
with  each  other  at  the  nngles  of  the  mouth,  so  as  to  completely 
norround  tha  opening.  Tlie  upper  lip  (I'igs.  Cj  and  83,  u) 
ift  a  creacenlic  fold  of  integument  bnunding  the  labial  cavity  in 
front ;  it  is  smaller  and  le^  mobile  than  the  lower  lip,  mid 
bears  along  its  free  edge  a  row  of  minute  homy  teeth.  The 
luwer  lip  (Fige.  65  and  83,  u)  ik  IjotJi  Imigui'  mid  (Wjmr  thoit 
the  opper;  it  id  nUo  Hofter  and  macb  more  mobile.  It  is 
eeparated  behind  by  a  weM-innrked  transverse  groove  from  tha 
under  aotiace  of  t]ie  head,  and  is  piodiiced  at  it«  free  edge  into 
a  scrips  of  mrntll  flosby  papillm.  Tlieite  papilla?,  which  arc  ppo- 
Imbly  tactile  in  function,  are  more  ntunerous  at  the  angles  of 
the  mnulh,  wh>t;ri:i  they  me  nrrimged  in  groups. 

The  inner  aurfaceii  of  the  lipa,  between  their  free  edges  and 
the  beak,  bear  transverse  ridges  or  folds,  which  support  along 
their  cn?ets  comb-like  rows  of  minute  black  horny  tei^tb.  Of 
tbc«D  rowB,  the  tipper  Hp,  in  addition  to  the  row  round  the 
mai'gin  already  mentioned,  ha^  tln-ee  incomplete  rows,  intei-mpt 
in  the  middle  by  a  considerable  intenal.  The  lower  lip  bear 
four  mmilar  but  complete  lows  of  ti'elh. 

Bach  of  thetie  teoLh  is  foniietl  by  niodilicalion  of  a  single 
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«pit)ielinl  cell.  Tn  dinpc  it  in  a  holloir  coan,  produced  fit  iti 
•pex  into  a  ^poon-tfliapt^d  procc«s,  notched  ot  itK  frve  edge. 
Hieee  bomy  «>pittieUa]  t«eth  are  ea-^ily  rnbbed  ofT  during  R»t>, 
•ad  are  speedily  replaced  liy  other  similar  uii«8  forini>d  lN>n«atb 
theoi.  Eocb  lootb  is  in  fnct  the  top  tnrmber  of  a  column  of 
npvinlly  modified  <^pii,ht>lial  cell!!,  iiiilK-ddf*]  in  thi-  gcucriil 
epithelium  of  tbe  Up.  In  each  eolxttmi  t\v?  de&peet  cells  are 
ordiniuy  efHtJieltal  cells,  scarcply  distinf^aishabte  from  those  in 
wUicli  itcy  liiv  imbedded :  tbc  succeeding  cells  of  the  column, 
nearer  the  sarfnoe,  beootite  fii^t  flattened,  tlieit  cup-«liaped,  and 
finally  conical,  tbe  apex  of  the  cone  fitting  intu  the  csvity  of 
tliv  cvlt  next  above  it. 

Thf  ilwper  ci-lls  of  the  culniim  mi'  soft,  and  Iwivi?  diKiinct 
nuclei ;  nearer  the  Harfftre  the  opIIs  have  their  outer  layere  con- 
verted into  homy  matter,  wbik-  their  shape  ^nidnally  approaches 
titat  of  thr  fully  Ibrmed  teeth.  The  nucleus  biMroines  tetw  dis- 
tinct, and  tinolly  diuppcArsi,  R8  the  coi'nitication  extetMLi  deeper 
nud  dpeper  into  llio  aubHlancu  of  the  cell. 

Each  tootli  is  thus  formed  by  corni6cation  of  a  single  epi- 
rli'*lial  cell,  which  commenceB  its  career  in  tho  d<^*por  layer  of  tho 
epidermis,  at  tbp  bnw»  of  tho  oolomn,  and  gradually  approaches 
the  surface  through  loss  of  tbe  teeth  above  ii,  uc<)uiritig,  as  it 
does  fio,  the  cbarat^terii  of  the  folly  formed  tnotli.  On  reacluDg 
the  sarface  it  comes  into  functional  use  for  a  time,  and  then  in 
ita  turn  becomes  rubbed  oft' and  lost. 


The  Beak. 

The  beak  conai<its  of  ihe  two  jaws,  upjier  and  lower,  and  is 
in  chape  not  unlike  that  of  a  bird  or  turtle  (Figs,  Go  and  71). 
Kach  jaw  Ls  a  xtmng,  curved  bond  of  cumified  epitbelinrn,  sup- 
ported at  its  base  by  tlie  labial  cartilages  (Fig.  90,  Li',  l-i.),  and 
CDding  at  ita  (V««  eurfaoe  in  a  sharp  biting'  edge.  The  upper  or 
maxillary  jaw  (Fig.  65)  is  longer  and  lees  sliarply  ciir\-ed  ;  tbo 
lower  or  mandibotor  jaw,  which  bites  Whind  the  upper  jaw,  is 
iboit«r.  sbongiTT,  and  almost  horse-.-ihoe  shaprd  in  nutlim-. 

Tli«  minute  structure  of  tbo  two  jawg  is  the  same,  each  con- 

I  tiMag  of  modified  epithelial  cells.     The  cntting  edge  of  th«  jaw 

llftrmed  by  a  row  of  homy  teeth,  veiy  situilur  to  tliose  of  the 

Ubial  rows,  but  placed  so  closely  side  by  side  as  to  form  n  con- 

tiniiuua  IJade.     Rach  of  then  teeth  is,  as  in  tbe  eaae  of  the  labial 
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teeth,  tlie  uppermost  of  a  co)unioofcetlE,tike  more  dcoplv  placed 
nienib««  of  whicb  are  incUfterent  epithelial  cells,  bnt  whi(4i  is 
they  approach  the  mirfjire  become  first  flattened,  then  cupped,  and 
Sanity  botlon*  conu^i  Btting  into  one  another.  Aa  in  the  Ubial 
teeth,  the  hurdnptia  is  due  to  eornificatiou  of  the  odlfi,  iiirading 
first  the  noter  surface  and  ultimately  the  entire  cell.  As  tlir 
biting  edgv  of  tlio  jaw  gcUs  worn  iiwuv  by  tisv,  it  is  caaatantly 
renewed  by  the  mora  deeply  placed  cells. 

The  r^!it  of  the  jaw  consists  of  a  dense  mass  (if  HattAoed  and 
cornified  epithelial  cells,  which  become  firmly  fused  t«getbcr,  aiid 
wbicli,  lik«  the  cells  of  the  cutting  edge,  are  reaeweJ  from  thp 
indiffprent  epithelial  cells  of  the  deeper  layers.  Into  this  deeper 
layer  vascular  papilla  of  the  dermis  project,  increasing  tht- 
extent  of  the  nutritive  surface  of  the  jaw. 

At  the  metamorpliosie  tlte  homy  jaws  arc  cast  off,  and  kiet. 

1.  The  Pharynx. 

'I'liH  cliftracteristic  feature  of  the  pharynx,  bol  K  in  Iho  t/idpole. 
and  in  the  udult  frog,  is  its  great  width  fi-om  side  to  side  (cf. 
Figs.  74  and  68) ;  and  tliis  i»  actiuired,  us  ulready  described,  at 
a  very  ej»rly  ilt-velopiiientwl  atafr*".  In  horizontal  Bt-ction  th« 
pharynx  of  the  tadpole  is  somewhat  lozonge-sliaped  (Fig.  74.), 
narrowing  rather  gradoally  in  front  Id  open  into  the  buccal 
cavity,  aud  niiich  more  nbniptly  behind,  where  it  ]>&s8ea  back 
iato  Uie  o>-Sophagufi. 

The  roof  of  the  pharjTix  may  be  divided  into  two  regions :i 
&a  anterior  part,  clothed  by  a  flattened  pavement  epithelium, 
and  bearing  taste  bulb.'*  and  n>'iiRi>i'\'  papillee ;  and  a  po«tenor 
part,  covered  by  a  ciliated  epithi'liuni,  and  containing  nunierous 
molticellular  glands. 

'ITie  gills,  which  are  the  most  important  Mrudui'eB  la  con- 
nection with  the  Htdea  of  the  phar^-ns,  will  be  described  in  the 
next  section  (pp.  Iu7  to  IG^'). 

The  tongue  is  formed  on  the  floor  of  the  phan,-nx,  but  does 
not  appear  until  shortly  before  the  m<»tftniorpho*i6 ;  it  then 
growB  rapidiv  nnd  E>onn  attains  its  adnlt  Kbape  and  proportioDftj 
(Fig.  ao.  T>-).' 

o.  The  Thyroid  Body. 

AhoDt  the  lime  of  hatching  of  the  tadpole,  or  a  little  earlier. 
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A  short  median  longitadina)  groove  appears  along  tlie  floor  of  the 
pbarrnx  (Hg.  6V>,  Tll).  The  groove  ia  eliallow  aDt^riorly,  but 
iliMpeiUBt  it«  liiadcr  end,  wlicro  it  leads  intonsiniklliCOiitcul, pit- 
like  depression  of  tho  brpr)bla<it  forming  the  pbarjrngeal  Qoor, 
just  in  front  of  tbe  pericardinl  cnvity  (Fig.  G9,  ci'.) 

At  a  lat^r  stag«,  shortly  before  the  opening  of  the  moutb, 
tlM  uotlioii  groove  i«  still  [>reiMint.  The  pit  At  iLtt  hinder  end  has 
deepened  slightly,  and  the  hypoblnst  cells,  forming  tJie  floor  of 
tbe  pit,  bare  grown  bock  as  a  ^olid  rod  uf  cells  (Fig.  64,  th), 
closely  connected  at  its  binder  end  with  the  anterior  wall  of  the 
[)orii>arcliuin  ;  tlii*  solid  prxl  of  cells  becomes  )hp  thyroid  body. 

Soon  liner  the  month  opena,  tliu  thyroid  l>ody  spparatea  com- 
pletely fn»m  llie  Boor  of  the  jiharynx,  reinnining  na  a  solid 
runndt^  maas  of  pigmented  colls,  in  elnso  contact  n-itli  the 
anterior  wall  of  the  ])erirardiHm.  A  little  later,  in  tadpoles  of 
about  12  mni.  length  (Fig.  C5,  in),  the  tbyroid  hotly  becomes 
divided  into  right  and  ]fii  halrea  by  the  growth  dowim'ardH  of 
a  ntMlian  keel  from  the  batUiyal  cortiUge  (Fig.  C5,  hb).  The 
two  halves  remain  ooimected  by  a  narroir  bridge  of  cells  below 
t]»e  cmrtilagi^  for  a  i«hort  time,  hut  Hoon  separate  and  txKonie  the 
paired  tbjToid  bodies  of  the  adult  frog. 

After  their  separation  tbe  tJiyroid  bodii.-s  increas«  consider- 
ably in  Bw  ;  they  are  at  Brst  solid,  but  the  component  cells  soon 
kMona  arranged  in  strings,  which  b^otne  hollowed  out  along 
their  nxM,  and  no  form  a  aeries  of  rounded  or  oval  vesiclp;:,  wh  icli 
oommunicate  fre^-ly  with  one  another,  and  are  filled  ^rith  fluid. 

Tbe  tJjyroid  bodtoe  are  very  rnscuUr ;  they  Ue  in  the  floor  of 
the  mouth,  a  thort  way  in  front  of  the  glottix.  imme<1iately  to  the 
inni*r  sidra  of  the  lingual  arteries,  which  supply  them,  and  along 
tlw  course  of  the  lingual  reins. 

0.  The  (Eaopbagui. 

The  a'9ophiigiis  U  fonneil  tmm  the  moKt  anterior  [Mirt  of  the 
narrow  or  intestinal  region  of  the  neaenteron,  and  lendi  directly 
from  the  pharj'nx.  It  in  at  fiv:>t  tubular,  but  in  tadpoles  nf 
•boat  8  inni.  length,  shortly  bc-fore  tbe  opening  of  the  mouth,  the 
cavity  nf  llie  C£8ophagiiH  beooiiies  com  pi  ett-ly  blocked  up,  by  pro- 
liferation of  tbe  oella  fonuing  i(a  walls  (Fig.  G^,  to).  This 
■olid  portioD  of  the  cseophagiis  lies  immediately  behind  tJie 
phu^-nx,  and  bas  a  length  of  abont  0-15  tnni.     The  solid  con- 
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(lition  lasts  for  a  little  time  after  the  opeoiugof  the  moath ;  nnd 
then,  iu  tfidpoW  of  about  10^  iiim.  length,  the  lamcn  isgrada- 
ally  re-e^tabtishiKl,  though  it  is  for  «  Ixme  escewiiogly  narrow. 

Tliis  blocking  np  of  the  trsophagu-s,  which  prvvenW  any  food 
gettwg  into  the  iligc^ive  part  of  the  alimentary  canal  until  some 
little  titni?  after  tli»  month  opening  is  o^tablished.  is  a  cnrioai 
davL'Iopnieutal  fwiture ;  it  occnt*  also  in  the  chick  and  in  many 
other  Vertpbrates,  but  its  meaning  lias  not  y«*t  beeu  vxpluined 
sntii^fnctorily. 

7.  The  LuDgs. 
'I'ho  Iung3  arise  as  a  pair  of  poiich-liki;  (livertlcula  of  the 

side  wdlls  of  tint  u'.sopljagiiii,  shortly  before  the  hatching  of  the 
tadpols;  they  are  at  first  exceedingly  fcoiall,  and  have  Blrongly 
pigmeDtei  whUs.  After  hatching,  the  lung\i  increase  slowly  in 
size,  growing  backwanls  along  tht'  »ick*i(  of  the  a-suphagns;  in 
Omni,  tftdpoles,  nt  the  time  when  tlie  nTsophagus  is  solid,  tho 
liings  are  prosunt  us  &  pair  of  lateral  outgrowths  iraniediately 
Whiud  the  o.'sopliagi'al  plug  (Fig.  C4,  to),  bat  sometimes  arising 
frOQi  the  aoHd  part  itself.  After  the  re-nnjcniiig  of  tin*  ousophagus, 
the  part  of  the  ventral  wall  from  which  tlii*  lung  sacs  ariiw  l»- 
conioa  depresjjod  Ut  fortn  the  Inryugcal  chamber  :  the  mouth  of 
llit>  depressed  portiou  nairows  t^s  form  the  glottis,  and  the  longs 
Ihem&elirGS  I'apidly  increase  in  til/.i<. 

In  12  luni.  tadpoles,  in  wliicli  the  hind  limbs  are  jnsb  ap- 
pearing (Figs.  05  and  75),  the  glottiJi  i*  ji  iiiirrow  sUt-lilse  opentn(j[^^ 
gimnled  in  fi-ont  by  a  well-cU^-eloped  epiglottis,  and  leading  into 
a  hirge  hii'yngtral  cliamher  (Fig,  C5,  Lc),  from  wLich  the  two  lungs 
arise ;  these  latter  are  thiu-walled  vascolar  sacs  (Fig.  76,  Lo), 
whiidi  now  reach  to  iho  hinder  ciiil  of  the  Imdy  cavity,  If  ingj 
along  the  sides  of  the  alimentary  eanal. 

Prom  thuir  mode  of  devt-lopment  as  outgrowths  of  the  oeso- 
phagus, it  follows  that  the  lungfl  are  lined  by  an  epithelium 
which ifi  of  hypoblastic origin;  the  connective  tiB«uennd  vascular 
elements  of  the  Inng  wall  are,  like  those  of  other  pnrts  of  the 
body,  m«>»oblast  ic. 

8.  The  XlTer. 

About  llie  time  of  first  appearance  of  the  nervous  system,  the 
vollc-mass  becomes  marked  off  in  fi-ont  hy  a  deep,  hnckwardly 
projecting  deprefiRion  (Fig,  60,  L),  from  the  thin-walled  anterior 
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of  large  size  ore  dc\-clo]>ed.  The  wall  now  becoii)t!!j  thrown  into 
foltla  (Fig.  64,  w);  tlie  blood-vessels  following  iu  between  the 
folde.  By  n  contintifttioa  of  this  proooss,  ftccompanit^  by  tb* 
fomfttion  of  outgrowths  from  the  hypoblast  cells,  and  ingrowth 
of  the  blood-vessels,  tie  liver  rapidly  increases  in  aixe  and  ac()mre3 
the  structure  ehoim  in  Kig,  71,  w  ;  consisting  of  a  trabecular 
framework  of  solid  rods  of  by]Hiblnst  ceWs,  the  tneshcs  of  the 
framework  being  occupied  by  tlic  hepatic  blood-vesaels.  As  the 
liver  attains*  di^fmite  ohajie  and  incrraised  sixft,  it  sejiarates  mora 
distinctly  from  tho  intvstintf,  remaining,  howevor,  t'<jnnoct«d 
with  this  by  the  bile-duct,  which  is  formed  by  lengthening  out 
of  the  originnl  divLirticuluin  from  the  mosenteron.  'ITie  gall- 
bladder iB  a  lateral  outgrowth  frain  tlici  bile-duct ;  it  develops 
at  an  early  period  (Fig.  G4,  wti).  and  is  of  lai;g«  size  dui-ing  the 
whole  of  tadpole  life  (Pig.  71,  we), 

0.  The  Pancreas. 

'Die  pttncrea§  develops  as  a  pair  of  hollow  outgrowths  from 
th*>  nie8eiit*Ton.  behind  the  liver.  In  tlif  later  stages  (I*"'g-  "I. 
pi)t  the  duct«  shift  bo  ae  to  open  int'O  the  bile-duct  instead  of,  as 
at  firflt,  direi-tly  into  the  Intfstiiie. 

Tho  st'cri'tiujLr  cells  of  the  jiaricreaa,  like  those  of  Uie  liver,  are 
of  hj-poblnfitic  origin. 

10.  The  Bladder. 

Tho  bladder  is  absent  during  the  great<»r  pnrt  of  the  tadpole 
puriod;  but  shortly  befoiw  the  uiut-amorjihusiti  it  arisea  as  a 
median  ventral  outgrowth  from  the  binder  end  of  the  inesen- 
teroQ,  which  soon  bcconiefl  biiid  distolly  (Fig.  89,  tb). 

1 1 .  The  Fost-anal  Oat. 

Post-anal  gut  is  Hie  name  given  toaiii'Xt**iiKioiiof  tlib-  hinder 
end  of  ihc  inest.*ntvr(.<u  into  the  boe^  of  the  tail,  which  appear.-* 
as  tilts  latter  is  develo|>ed. 

The  mode  of  formation  of  tha  neurt-nteric  canal  ns  a  tnbiilar 
communication  between  the  hinder  end  of  the  neuml  canal  anil 
the  m<«ent<;ron  has  already  been  dBscribed  (rf.  Pig.  61,  Kt).  As 
the  twi  lengthens,  the  ntitnchord  and  spinal  cord  grow  \>tteV- 
wards  with  it,  ami  the  neiireut^ric  canal  becomes  drawn  out  into 
the  post-nnal  gut.  This  is  aa  evanescent  structure,  di8ap))earLi]g 
completely  at  n  verj-  early  atago:  at  the  time  of  hatching  of 
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the  tddpolo  (Fig.  09),  ihv  only  trace  of  t)ie  post-niial  g\it  i»  a 
solid  cord  of  cells,  running  in  ft  Bli^itly  irregular  course  bcnt^th 
tbp  notochord,  from  the  liind«r  end  of  the  spinal  card  to  the 
tnastnttsToa. 


DEVELOPMENT  UF  THE  GlLLCLEl-TS 
AND  THE  OrLLS. 

The  gilU  nnJ  gUI-clfllM,  which  form  the  umiu  respiratory 
apjjwatas'or  the  tadpole,  are  developed  in  connectiou  with  the 
ddo  whIIk  of  lh«-  ]ilinrytix.    'Flic  gill-cU-ftA  ore  n  aeries  of  slit«like 
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Klu.  ;?.— SM«  Tiew  of  a  'nutfole  «t  tbo  tlmo  of  hatoUliff.      >  IlL 
Fig,  73.  -  Vi-otral  view  uf  the  Mme  Tndpolp. 

BRl.  FiwniU  fill  of  nrai  brMchUI  mth.  BBA  nvriul  tn  tl  leaad  tniMhlU 
wA  OB,  Miwutfda^ »«.  KT.BiMi)tte(UBMiBilM«H(aUuin()iUM  ikte.  OOt 
uBhwiay  i«l.    ^  Mtta*.    T7i  |fatlol— I  ar  eiixiil  aiMrliai*. 

perfonUious  in  Uirse  walls,  Irading  from  thr  pliaryux  to  tho 
exterior ;  while  llie  gills  tlicmsclvm  uiw  vascular  tufV.s  ilev-eIo]ml 
oo  th«gill-MruliM,t>.  ODth*>  pnrtaortfaepharyugAal  wall  between 
tlw  mcceMive  gill-clefts. 

I.  Tho  Oill-cIeAa. 

The  gill'ckfte  are  fbniied  m  vertical,  pouch-like  folOidgs  of 
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the  alia  waUa  of  Uie  pharynx  (Fig.  74,  hu,  hc),  wliidi  grow 
(Mitwanb  tmrwds  the  pxterior.  Tlipy  appear  Bret  at  n  very 
earl;  stage,  wfailu  the  blastopore  is  still  open  (Fig.  60),  and  even 
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Fig,  Tl.—  Uarlxoninl  »i?ot  iou  of ;»  Ta'Ipole  at  the  time  ttf  liatcliiiii;.     x  W. 

AP.  nITflTTkl  hninr^ilAL  Vfwvt  (if  flri^  IjniitrUlnl  nrvTt  BV*l(tf*>1nlli.  B&t.  Klnt 
bMncllkl  >rKl>.  0112,  ••■nanA  lirMichlnl  Broil.  BBS.  Kilnf  ImitohU  unli.  O.  hC^ 
OTtlarQreiHnoi.  KF.  I'lnnnl  bnni'libJ  tiiwI  nf  nr.i  Iifiii«Ii!ii1  arvh.  HH.  I>f«- 
nuullbulu' Btn-iHiucii.  HT.Ii)rD|dnrct>.  Ilf. itifuivii'iulririi.  KA-uctiUii^lXinoilurl 
oCrlfbttUgL  KA'.*r:tilu<ipIiH',*-li><'t-'r  )<-«(  •Ms  x-n  iti -^tluti.  KP.  hMd  Utni? 
orjW™*!*"*.  KS.  llilnluri*ni»l<iuifiil  ilnTit  [iwin-Liliroi,  K8'.<Mrl  iiijlKoilouirul 
Wt  pnnK^liTQk,  ■erii  Ui  vclloo.  OF-  nirKfUhr/  [iii.  OS.  ^iit^o  ri#t;i.  Tr.phmrjnge^ 
nvloii  ot  niHCUtatin,    TI.  Iidi«cIiiii1  rpgln]!  gF  miarnUNn.    T.  jolk-oallf. 

lieFope  tht>  closure  of  the  nciiral  cuniil  is  comjilctej ;  th«y  dovelop 
rapidly,  roaohiDg  the  ext«rntU  ^piblast,  and  fusing  with  it,  at  an 
early  »t«ge. 
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In  tadpoles  of  -t  inn).  lenf|(tli  ihem  &iy»  tliroc  |KiirH  of  gltl- 
poaetieft  pneent,  wliicli  appenr  hIhionI  liiiiiiillaui-oudy  ;  and  ly 
the  time  of  liati;faiiig  of  the  taOpole  two  additional  pairs  are 
formed  beliind  thvtn;  mnichig  Bve  pairs  in  nil. 

Hie  condition  at  tliis  stage  is  well  sbowii  in  the  horixontiil 
nectJon  giveo  in  tig.  74.  The  gill-pouches  rorm  vertical 
ixtrlitiuiis,  radiating  (tatwards  from  the  phnr^-nx  tu  the  surface 
('pihliint.  Kach  pouch  ia  formed  of  a  dou)iI<^  folil  of  hvpoblni^^ 
the  two  hyers  ofwliichare  in  clo«e  coutact  vith  eacli  other. 
Th«  out«r  ends  of  all  live  pairs  of  gill-poiiches  reach  the  epibla«t , 
and  InifL-  with  its  iani-r  or  niTrous  tny^T. 

or  the  five  pouches  of  each  side,  the  moot  anterior  one  is 
the  hyomandibnlar  poach  or  cleft  (Fi^.  74,  iim),  mid  tlio  ^ucL-f-<t1- 
ing  (III..-'  tir>'  itniiii'd  flnt,  lecoad,  third,  and  fourth  branohial 
poaches  rwpectively :  the  hindmost  or  fourth  branchial  poiiob 
(t'i^r.  7V,  R('.4)  \a  smaltiT  than  thu  others,  and  is  often  impef 
fectl^'  devtflo|K^  at  this  stagi^. 

The  partA  of  the  vrsll  of  the  phai7ux  Ix^tween  tht^  socce&sive 

,  gill-pcnicbrs  are  Bpokeii  of  a*  thp  Tiwsera!  «ir  gill  arohe*.     T!it« 

arch  botweoD  tho  lyuiiiandibuhir  and  thi:  Ural  bniDchial  pouches 

ia  luuneil  the  hjoid  arob  (Fig.  74,  by)  ;  and  ttieo  iu  sucoeaaion 

lOMiif  il)*>  first  branchial  areh,  rr.i  :  MCond  bnmcliial  arch,  iik.s, 

^aod  third  brandual  arch.  nR.3.      Behind  tlie  fuurth  l>mnchial 

pouch,  net,  is  an  imperfectly  defined  foorth  branchial  arch. 

Till-  phnr^'nx  is  widett  opposite  the  fir»t  branchial  archea; 
and  belwtfen  the  pair  of  fourth  branchial  arches  it  parses  Uiick 
into  the  Dorrow  mtophoguH. 

Abont  the  time  of  fitrmation  of  the  month,  tlii^  twu  h}*po- 

blaKtic  laim-llie,  of  which  each  gill-pouch  consists,  sepamte  from 

Kgncfa  other,  so  aa  to  form  a  narrow  vertical  slit,  or  chink,  leading 

flroiD  the  pharynx  tu  the   exterior.     Tliese  slits  arv  the  gill- 

ddb. 

The  fimt  clefts  to  (.pea  in  this  way  ni-e  the  s«ond  and  thin! 
jibniuchial  rU'fts,  !.r.  tho  oues  immediately  bt-liind  t)ie  first  and 
VMond  limiioUinl  archee  reiipectiTely.  \i  a  iiliglttly  lulcr  stage 
the  t)r«t  bruncbiul  cleft,  between  the  hyuid  and  fir«t  bmnchial 
anbee,  aUo  opens  in  a  sinular  way  ;  and  later  still  the  fourth^ 
or  bisdmost  branrbial  clvfl  upen*^. 

The  hyomandibular  ix>Dch,  allhongh  it  is  in  its  early  stages 
ctly  like  the  hinder  brnnchinl  clefts,  and  is  fused  in  KimiUr 
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imtnner  with  tliu  *.-xt<(M7)ftl  rplbl&st,  yt4  does  out  open  to  &e 
eicterior.  Slicrtly  hcrnre  ihe  mouth  opening  is  «stAi)lUtit>(l,  the 
hyottiaiidibaliir  gUI-poucli  sepiiratea  from  tlif  external  qiiblast 
and  recedes  soiiiewliat  from  the  surface.  The  two  hvjxtblMtic 
Ifuncllat  ficpiu-Atc  from  each  other,  so  oe  to  loi-m  a  aaccular 
di vertical  iim  from  the  phniynx,  and  this  grHdually  opens  out 
into  thtf  cavity  of  the  pliaryox,  aud  ia  tudixjlw  of  about  20  mw. 
length  ceaa«t  to  be  reoogaiaable  aa  a  distinct.  ]x>uvli. 

The  Eustachian  tube  and  tynipnnic  onvitv  are  formed  iissr 
to  the  hyomandibulfir  pouch,  but  indrppiidently  of  it,  nnd  in  a 
manner  which  hiis  nlri;ady  Ixx'n  de.-tcrib^l  iu  ttic  section  denling 
Ti*itli  the  development  of  tha  ear  (p.  148). 

2.  TfaeOilli. 

There  are  tivo  sets  of  gills  in  the  tadpold,  «xt<nial  nnd 
intemiil  r*«pL'ctively  ;  the  former  beinfi  branching  pi-ocesses  pro- 
jecting outwai'ds  from  the  first  three  branchial  arches  ou  each 
side,  whilo  the  intcninl  gillti  are  formed  later  as  i-an^alar  tufta 
on  the  sides  of  all  four  brsnchial  arches.  Thp  two  set*  of  gills 
differ  in  some  important  respects,  and  it  is  generally  considered 
tbat  tliey  are  independent  series  of  stnictnrcs. 


Th»  exteniBl  gllU  appear  dborlly  before  the  time  of  batching, 
ns  two  pail's  of  small,  backwordly  directed  proceaftea  from  llie  first 
and  second  brauchinl  arches.  Tlioj  are  at  first  soniewlmt  oouical 
Id  shape,  ivith  rnunded  nr  very  slightly  notched  borders:  tbe 
gill  of  thu  first  itroh  vveilaps  that  of  the  stiooiiU  arch,  and  is 
phicod  i-nther  more  ventrally  than  ibis  latter. 

By  tho  time  of  hatching  (Tiga.  72  and  73,  iiK.i,  BH.l),  the 
external  gills  havw  incrrast;!]  in  aijiu.  The  first  one  is  notched 
at  itH  frM!  posterior  burder  into  three  blunt  lobes ;  nnd  the 
second  into  two  or  thitw  similar  anm. 

Iu  thesucct'ediiig  stages  the  external  gills  grow  rapidly,  and 
the  lobes  into  which  th^y  an?  divided  beconif*  larger  and  more 
nntnerous.  A  tliinl  exteninl  gill  appears  on  the  third  in^nchial 
nrchofeach  side  (Figs.  7cl,  74)  :  it  is  very  Kmull.and  is  overlapped 
und  almost  conceiiled  by  the  two  anterior  gills. 

The  cxtei'nal  gills  attain  their  mtiximum  development  nbont 
tbe  time  of  opening  of  the  mouth.  At  this  stnge  (I'igs.  -U.  i. 
and  77),  they  form  much-braiiclied  plumose  tufls,  t-xccetling 
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in  IfngtJi  t])p  traasveiw  climneter  of  tbe  lieod.  Knch  of  lite  two 
•nloriur  gills  consiatauf  froui  tivv  to  isi'vi*u  matu  lobt-a,  dccivastiig 
in  size  fiMiii  above  downwards;  and  each  main  lobe  gives  off 
minor  ]ub«ttt  &loBg  it*  postPiior  bonier.  The  tiiird  or  iKKlcrior 
gill  (Fig.  77)  is  inach  smallnr  than  the  utlier  two,  und  only 
iillgbtlj  sobtlivided. 

The  esteronl  gilla  are  usually  «trri«d  projecting  outwards 
mild  liockwanla  from  tbe  ln'ad,  At  an  iiiigli<  of  about  45°  with  the 
uisoftbe  body.  Each  gill  liaa,  however,  muscles  of  its owu,  by 
means  of  which  the  viitiri>  gill  or  ite  iiidlvidunl  lobes  can  be 
inovi.<d  freely  and  indcpendcnUr. 

The  course  uf  Uie  circubitiou  in  tho  vxLcnml  gillD  nin  he 
well  Btadied  in  the  Uviug  animal.  lilacb  main  lobe,  and  each 
cf  hi  minor  ii>be«,  contoing  two  hlood-vegsels,  afferont.  and 
e(Ii'ri>iit,  wbicb  lie  alungtstdo  each  othrr  nnd  nro  directly  con- 
liitnousat  tiie  tip  of  tlte  lobe  ;  tie  aiferent  vtrsscl  biding  po^»t«rior, 
and  ill  part  v^-ntral  to  the  efferent  vessel  (Hg.  77,  AP  And  EP). 

Before  the  mouth  o|n!Dk,  the  opercular  folds  urise,  as  u  piur  of 
fold*  of  akin  from  the  posterior  i-dgva  of  the  hyuid  urclit-^,  wbidi 
•noa  become  continuous  with  t-ach  otlier  nc-i-<Km  tlie  ventral 
mrface  of  th»  head.  Shoitly  after  tlie  Ibnusliuii  of  the  mouth, 
Um  opercular  fold  beffina  to  grow  bock  rapidly.  co\-eriiig  over  tbe 
glQs  likf  a  liood.  Tlti:-  ])0«terior  I>un1i-r  of  the  fold  fuses  with 
the  body  wall  along  the  riglit  side,  ntid  neross  tlie  ventral 
lorfaco :  on  tbe  left  side  of  the  body  it  retnains  free,  luid  ia 
prolouge<l  bnrkwitrds  us  a  ffhort  tubular  spoQt  (Fig,  71,  or), 
through  wliicli  the  opercular  cavity  op«tu  to  tbe  exterior. 
Aft«T  OMiii»letion  of  the  opt'icular  fold  the  e.\teninl  gills  ra)>idly 
idirink  u)>,  those  of  tbe  left  ude  |<ersinting  longnr  thnu  tlioee 
of  tbe  right  nde,  and  uft«a  protruding  for  a  time  through  tlie 
opaftntlar  )tpoot. 

Kxtrnial  gHU  occur  in  the  adult  or  in  the  hirva]  stages  of 
taost,  though  not  of  all  Amphibians.  Their  morphulo^cal  value 
has  been  ranch  difleiuBed,  and  it  is  eomnionly  held  tliat  llioy  an> 
to  be  regaixled  u  tecondarily  ncctuired  or  larval  organs,  esMn* 
ttally  difleretit  in  Ihctr  nature  t^j  tlie  int«nutl  gills. 

Tfa«  intariLtl  giilt.  In  laJpuleii  of  fWHu  9  to  10  um.  length 
the  mouth  opeuint^  in  formed,  by  pcrforatioa  of  the  oral  twptam 
^p.  lis,  and  hlg.  Qi,  Of<) ;  and  about  tho  nme  time  tbe  gill-clefla 
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open  to  thfi  exterior.  Almost  directlr  aftw  the  opening  otit 
of  the  gi11-clutl«,  tlie  !nt«i'Tial  gills  hegio  to  Fomi,  n»  n  series 
of  ainall  papili:!'  along  Uinir  insr^ms.  ventral  to  the  extenul 
gilla  :  tile  tadpole  now  begins  to  brenthe  in  the  tj-pical  tisb-like 
manner,  taldng  in  water  at  its  moutb,  nnil  piissing  it  thn>ug1i 
the  gill-cl**fts,  nnd  so  ov<*r  the  internal  gills,  into  the  opercabir 
cantv,  from  which  if  escapes  by  the  oi)ep['iilai-  spi^nt 
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Km.  IS.— TninsvHU  lectlon  tlirough  lliu  liciid  >i(  a  12  mm.  Tailpole:  lh«atc* 
tloii  pualsg  tbmi^  the  andiuir}-  orf^tns.  the  iihnrjtix  und  intcnial  trillr. 
thi?  iilottiR  uni  Itxyagenl  ehAmb«r,  and  thp  heflit.     x  ili. 

A.  n4tr'->-      AF.  tlTpTPIlt  IiIodJ.TAOvI  uf    liVL^IItl    bL'UlinlllBr    Hfl'U,       BH-    1Ulli-tml|i,  1 

BILi.  .2.    3,  .4.  '"■I,  ■"oiuil.  liilnl.  uid  fuuitb  Iiniicklul  unlin.    0H>  •"■lo^lwl^  I 
CP,  r>i-rk.:.Tilinl  i^avllt,    BA.  Milcrtor  VFRli^UmiilclTonUrailul.  BV.cBe"**  UmA'  ! 
•Hu'i  rit  iiiiwl  limm'Niu  nf'li.    BH.  bdrtmuUI  mnldnMilH  cwul.    ZB.  nowm* 
milliuU,    ElV,  TiMllmlir  nt  -ur.     QI,  i»[iiriiiil  (lllfc    HO-lBi  mmi-I  hnnrliUl (Mt. 

IrO  Vir^TlfH*'  4.-]jAI»b<4.      l^T.  yUAda       XflT-  L)tli{-Ii«tlL'  allinp.      OP.  ^'pT*^*^'*'  MVftT, 
RA.  iv»Tti'[p  iif   l.ontt.     JEtV.  TL^nlr(.iJr      TP.  [iTmryiir.     V,<,  ft^linti  v*nilrt*'Ift.     X'. 

The  internal  gitJB  rapidly  increaM  in  size,  and  branch  fo  u 
to  fbmi  ]}lamoeo  tntts  nnvnged  in  a  donble  row  along  tb« 
ventm]  half  of  each  of  the  first  iixTte  brancliial  nrch<».<i,  nnd  tk 
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tow  nioiig  tliB  foartli  arch  (ef.  Figs.  75  and  83).  From 
Uieir  tir&t  nppimmnoe  the  mtomal  ^lU  in>  vaty  VAwalar,  re- 
cojvuifr  brunches  from  llt«  aflcrent  and  efTarent  bmncbiftl  vpssel^, 
which  »re  connect^  hy  ca|)i]Ianes  iii  the  j^ni-tiifV^  tht*inH-)ve«. 

'Die  relattatu  remain  much  the  Katiie  up  to  Llie  time  of  Uia 
nirtaiiiorpbosU.  the  gxlh  foniiiiig  u  series  of  vascalar  tuf^a 
kmuiircd  in  donblo  rows  uloii^  tUi?  vflntral  surfocva  of  the  gill 
arvbf.i  (Fig-  76,  ui),  and  lian^D);  doirii  into  the  upercular  cavity, 
which  they  in  gpeat  part  till.  The  dorsiil  or  phuryngeel  borders 
cT  the  Kill  nrrhps  dpvelop  »  rc>tnp!icat«d  syfltem  of  tootli-lik-- 
|H«ctts8e'-'<,  which  form  a  filtering  or  otriuniug  ii|ip4irntu»,  pre- 
venting the  passage  of  food  from  the  pharyuz  through  the  gill- 
ctefle.  Thi^  i^  Ktill  furtlier  obviated  by  a  pair  of  velar  plates, 
■alMior  and  poet^Tior,  vri  •■<Krli  .iI^U-  nf  tho  floor  of  tbi.'>  pbaiynx. 
which  corer  ov&r  the  gill-aivhee,  and  separate  them  from  tbo 
piiiuyDg«al  cavity  ;  a  rather  narrow  hlit  is  lefl  between  the  edsf* 
of  the  two  pUteB  of  each  pair,  for  tbo  pueeago  of  water  from  thd 
mouth  to  the  gill-clefls,  for  the  parpose  of  rex])! ration. 


The  diuppearaace  of  the  gills.  Towards  the  end  of  the  tad- 
pole period  t>r^-\ixtrncL-.  bdffe  itundiers  of  lymph  foUioles ibrm  on 
the  iniMr  »urfiu.v  of  the  ojierx-ular  membnuie ;  and  at  the  mint* 
tnne  s  great  pn>liffration  of  epitbelial  celU  takes  plucv  from 
the  epithelimn  of  the  opercular  toembrunp,  and  from  the  gills 
thetaeelvee.  On  the  ^ll»  the  cells  become  onbical.  and  tlieu  by 
Tapid  divisiou  form  Liyen  several  cells  thick.  In  tJiis  way,  hy 
thickcoiug  v(  its  walls,  the  opercular  canty  betomes  greftlly  re> 
duoed  in  aize,  and  altiniat^^ly  oijii)|ilotely  blocked  up.  'I1ie  gill- 
cl«As  become  clone^t,  liy  fusion  of  their  walls  with  one  another ; 
and  tlif  gills  tlii!ui»elven.  with  the  branchial  cartihigei^,  and  thi' 
eattre  gill  n|>[ii>mtn8,  ilegenerate  and  art^  rapidly  absorbed. 

Portion!)  of  the  Tsntral  ends  of  tbe  gill*  iM-i-eist,  even  in  the 
adult,  118  a  (tair  of  soft,  lymphoid  bodie«,  riKldiah  in  colour,  which 
Ik'  at  theeidt^M  of  the  larynx,  juftt  behind  the  thyroid  l>odie<8,nDd 
a  Utile  fnrther  ajHirt  tlutn  these.  They  are  aometinieA  opolcen 
of  M  tonsib. 

Ileinnantt^ofthedorsalvnds  of  Iht*  gills  also  persist  foratimi- 
as  a  pairof  comfuict  lymphoid  niasees,  Iyingimine<liately  beneatb 
the  »kin,  and  just  behind  the  euis ;  they  umatly  disapjwar  in  tbe 
aHinH<  of  the  second  year. 

■  3 
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S.  The  Tbymox. 

The  tlijTiin!!  ari»&«   in   tntlpoles  of  about  8  tnm.    leaglJt. 
sIiodI;  aHvr  hatcliiog,  M  a  j»ir  uf  epithelial  buds  frmi)   the 
wall  of  t!ie   phaiynx,   0])[K>iiite   tlie   dorsal    ends   of  the    first, 
bmiicJiifll  ctoftfi.     Soon  n.fb(>r  th«  opecitig  of  tho  mouth,  these  { 
budH  (u'pamtc  fmni  the  epithdinm  an  a  pair  of  solid  rounded' 
IxHiieii,    formed   of   deeplv^atnitiinf^   epithelial    crll^.    wliicb   lie 
imbedded  in  the  roof  of  the  mouth,  bolow  th(>  anterior  fntU  of 
the  auditory  vesicIeH,  and  between  the  gangtiii  of  the  facial  and 
glo6Hg-]}haryngenl  nen'w. 

In  each  tb^us  a  distinction  early  ap[>eaT^  t>otn-i>eD  an  outer 
cortical  layer  of  snull  deeply  iiigmeiitied  cells,  and  a  centrel 
inedulluy  portioo  consisting  of  large  i)rtlu  granular  cells.  At  a 
later  stage  the  distiiictiim  beconit-ii  lei^s  evident,  <>n-iti^  to  the 
cortical  colls  exteudiug  inn-arde  through  all  parta  of  the 
thymns. 

I'lio  thymus  lies  behind  the  qundruto  cartilage,  and  is 
cnrrii^d  backwards  by  the  rotation  of  fJiis  cartilage  which  accom- 
panivfi  llu*  widening  of  the  mouth  at  the  lime  of  the  metuinor- 
pbwia.  The  thymus  is  larger  in  the  tadpole  thau  iii  the  frog, 
and  nndeiigoea  degoiic-mt]\-e  changM>  afler  the  metamorplio^i 
In  the  frog  it  lies  behind  the  ear  and  the  tympaiuc  meinbrane,  i 
and  slightly  ventral  to  these. 

Budit  similar  to  those  from  irbich  the  thymus  U  fbmtcil  are 
developed  opiKrsite  the  doisal  euds  of  the  liyoiiiandibulai-  i-Jefts, 
Biaiultaneouslyn'ith  the  thymus  buds;  and  at  a  itiigbtly  later 
stage  opposite  the  mjcoqcI  and  third  bmncMal  clefts  att  well. 
These  all  disappear  before  the  metamorphoain  and  take  »o  part 
in  the  forniation  of  the  ndult  thymus. 

■I.  Tbe  Post-branchial  Bodies. 

A  pair  of  small  divorticula  of  the  floor  of  the  pLaiyux  nriwj' 
ia  tAdpoles  of  about  8  mm.  length,  behind  th«  last  gill-cleAe, 
and  at  the  inded  of  the  glottis.  I'hese  soon  separate  from 
the  epilbelium  as  a  {lair  of  soutll  vesicular  bodies,  lined  by 
cylindrieal  opitholium  -,  they  diMppcor  shortly  after  the  metamor- 
phosis. It  is  possible  thnt  they  represent,  in  a  modified  form,  a 
tilth  pair  uf  braucUial  clefte. 
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I>EVEIX)PMENT  OF  THK  HEART  ANI>  BLOOD- 

i.  Fretiminftry  Ac«<iaut. 

Tbe  blood'Vefttelit  Miaa  in  the  meaobla.'it.  In  most  ptu-tci  ol' 
the  body  of  the  t!id)K>Ie  tbpy  appoar  first  sa  irregular  Hpacfs  or 
lacuDiC,  foniied  by  separotioa  of  tho  mesobla^t  cells  from  one 
ftooUujr.  ThoM  Inoaiiar  »pac<^-s  nrt>  at  liret  indupendivnt,  btit 
Kxm  rxtend  so  s«  to  meet  imd  o|)en  into  oiif  anotbor  an  irrej^lar 
dianuclx.  Thr  cells  itamnindiug'  thetui  chuinvlti  usaumt:  raon- 
detmite  arrengem^Dt  aod  character,  and  in  this  waj-  tbe  chan- 
nels b«.>coTno  coQvortcd  into  bloodi-reHels.  Tho  blood  corpusclM 
an  cither  cells  which  are  inclosed  from  tho  first  irlthin  thr 
loeuD&r  niMicus,  or  more  uduiklly  ore  cells  budded  off  iit  n  tntvr 
■tlAge  fnim  tlin  walla  of  the  vese^U  into  their  cavities. 

bWh  blood  corpuscle  is  a  single  cell.  In  the  early  stageaof 
dowtopuictit  all  tho  blcKid  corpu^cloi!  of  tho  frog  embryo  are  ttlike, 
I  coiui^tiugofiiphencal  cells  ill  which  are  imbedded  numerouB  yott> 
granule*.  Thfsi*  yolk-granules  are  gradually  used  up  for  the 
nntriliou  of  tlin  t-mbryo,  nnd  shortly  after  the  lintrbing  of  the 
tadpol<>  tb«  corpuficW  begin  to  acrgiiire  thi:)  nhapc  nmt  characten 
of  th«  rod  blood  oorpQRclps  in  thf<  adalt  frog. 

The  chief  jioint  of  interest  iu  the  developuient  of  tho  blood- 
>lf  hIh  of  the  frog  is  afforded  by  the  changes  which  occur  during 
>  the  tmnsition  firom  the  gill -breathing  to  tho  lung-breathing  condi- 
'  tioQ. 

Whilo  the  todjralc  is  breathing  by  meaus  of  gille  )t«  circula- 
tion in  in  nil  e«8«Dtinl  re^pwts  thnt  of  a  6sh.  The  venous  blootl. 
returned  from  the  body  ut  largo,  (•uterslho  posterior  end  of  the 
bewt,  or  sinus  renosus :  IVoni  this  it  pasa«8  into  the  second  or 
auricular  chnnibt-r,  thence  to  thu>  \'riitTicle,  and  from  that  to 
tho  tniiic(i!4  nrl^rioau"  (Fig-  til).  The  blood  passes  through  the 
BWeral  cavities  in  succession,  there  being  us  y«t  no  division 
betweeu  the  right  and  left  sides  of  the  heart. 

Tlte  tnincus  art<.Tio»us  divide*  distnlly  into  right  and  !eft 
bmnohes,  from  each  of  which  four  aflerent  branchial  vessels  (Fig. 
7C,  AF)  arise.  The  four  vessels  of  each  side  run  outwards  aloog 
the  hinder  borders  of  the  four  branchial  urvbof,  giving  off 
along  Clieir  whole  length  numerous  branches  tu  the  gill-tnftH 
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The  four  rifen-nt  branchial  vi-mpIs  uf  nich  m\v  uiiito  in  tlio 
<lorwil  waII  of  the  phiu^nx  to  fonri  I  lie  noila:  ihf  two  aorlio 
on*  coiilinued  forwards  to  tho  Im^m)  as  fhc  carotid  artorira,  whiiti 
pmlf-riorlir  they  unite  to  form  the  sinj^le  dorsal  aorin,  from 
vrhk'Ii  L>miichc}<  anso  3U|>pI)-iag  nil  ]:iiul«  of  th«  boily. 

The  iimgii  arise  at  a  very  early  stage,  but  ore-  for  a  long  time 
oxtraiiioty  sinall  and  of  littlp  functional  importnncc.  I'lach  luiig 
meeivos  Ijlond  &om  a  brauch  of  tiiv  fourth  elfciTiit  branchial 
TBMol  (Pig.  7fl,  Ai'),  niul  returns  it  ilirectly  to  the  niii-iele  fcy  a 
paltnooar}'  vein.  vp.  An  the  tadiwie  iiifivnaes  in  nm:  nnd  ihe 
lUDgs  become  of  ^renter  iinporlance,  n  septinni  nppennt,  dividing 
tbe  aortclp  into  eyttcmic  or  veuoutt,  and  pultnonnr}'  or  artericil 
CAvitiiiS.  Stinullaneouftly  with  tliii«,  vnlvra  are  f'O'iiK'd  in  tht> 
troocus  arterioaiis,  by  which  f bo  touous  and  artt-rial  »i  it-aiua  of 
blood  ore  k«p(  apart  to  a  certaia  extent. 

At  tJie  time  of  tin-  nivtamorphosis  th<>  g^il!  uirculatiuti  in  cnt 
off,  by  the  cHtiibUiihnipnt  of  diivot  cnmniiinications  hetwa-n  Ibf 
aflbtent  and  eflcn^nt  branchial  vesKi-k,  nnd  the  jtiilmonar)-  cir- 
ctdalioQ  becomes  of  much  greater  !m{>artaiico  titan  before. 

2.  The  Heart. 

Tbr  henrt  lies  at  first  <t^g.  GO,  p.  I  ii>)  on  the  under  BurGkce 
of  tho  bead,  below  th«  tloor  of  thi>  pharynx,  above  and  olightly 
behiod  Ihe  micker,  and  immediately  in  fivnt  of  the  oomnH-ucing 
liver, 

In  tliis  region  the  nteHobln.'it^  nn  in  the  body  generally 
(F1){.  70.  su,  Nr),  h  split  into  Munatie  nnd  ttpluticbnic  layers, 
aepanilcd  by  a  dialinct  npnco.  Thia  space  becomes  tho  peri- 
cardial cavity  ;  tlu>  Mutor  or  »oniatit;  Inyor  of  nie&ohlaat.  forming 
tii«  wall  of  tho  |K!ri4rardial  cavilv  :  and  the  inner  or  •«ptiinclin)i' 
layer  giring  riot*  to  the  inuwHlar  wall  of  the  lieai-t. 

TIk-  >-ndotbelial  lining  of  ihn  heart  is  derived  from  a  nundx-r 
of  scattered  cells,  which  appear  below  the  lloi-)r  of  tJie  piiarynx, 
aati  which  are  fonuitl  partly,  if  not  entirely,  by  direct  pro- 
liferation of  iIk'  liy]K)l>lii8t  cvlle  of  iho  pharyngisal  h-«I1  nticl  of 
tile  liver  (rf.  Hg.  t>i*).  The«e  cells  are  nt  firat  irregularly  ar- 
imngeu,  but  soon  become  disposi'd  ho  r\s  to  form  a  tnbtilar  Uniag 
to  tile  heart,  which  is  for  n  time  closed  in  front,  while  ita 
iwaterior  wall  is  fomiixl  by  the  anterior  surface  of  llie  liver 
divpHiculuni  {Vigs.  tii  and  69). 
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The  heart  pcniaiiis  nttuclu-d  ni  its  liiuder  end  to  the  live 
and  ill  fnant  to  tlte  floor  of  the  pliiiryux  ;  but  along  the  rest  of 
iU  length  it  bocomcfl  free,  ami  intreacing  rapidly  in  length 
becoinee  twigtwl  on  itwif  in  a  letter  S  "luipp-  Af  the  wnm» 
time,  constrictinmii  npiwar,  pfirtinily  diWdiiig  tlie  cavity  into 
chambers,  the  fif»t  loop  of  th«  S  forming  the  auricular,  tliv 
second  the  ventriculai"  i>ortiou  of  the  heart ;  while  the  poHt^rior 
and  anterior  limbit  bccomo  tin-  siniii*  venomis  and  truncnt; 
arteriosus  respectively  (Fig.  01). 

At  the  time  of  0|)eDing  of  the  niuuth  the  heart  is  still  wore 
niarkwlly  twisted  OD  itnelf.  and  the  Buccessjve  chambers  mor^ 
sharply  separated  from  one  nuotber;  and  a  little  Inter  a  Be])tnni 
grows  down  from  tin-  tlorsal  wiiU  of  the  uuricli-.  dividing  its 
cavity  into  a  small  li'ft  aiiridf  aiid  a  much  larger  right  auricle. 

The  condition  of  tlio  heart  in  tatlpoleg  of  12  mm.  lengtli  is 
shown  from  thu  riglit  side  in  Fig.  7Ct,  ji.  1  tJO  ;  in  nagittnl  section 
in  Fig.  Go,  [(.  lil  ;  and  in  hon7.ontal  section  in  Fig.  71,  |>.  1V>. 
The  fiinxis  venosiis,  or  pi-oximal  division  of  tlie  heart,  is  »  wide 
transvei-se  vessel  (Fig.  71.  »s),  which  runs  acrosR  the  hinder  and 
dorsal  port  of  iJie  [wricordial  cavity,  and  I'occiTi.-s  the  blood  n-tnm- 
iiig  fi'om  the  body  generally. 

lite  siiiDs  venoeus  ojions  in  front  by  ii  Inrge  roimd  medinn 
aprrtiire  into  tJit-  right  aiiricli'  (Figs.  Gj  and  7 1 ,  RA).  From  thr 
nuriclft  the  binod  ]')a8!)ea  tJtrotigh  a  nnrrovr  anrirulo-ventrirtilar 
apertiiw  fFig.  65)  into  th»>  vonfricU".  whidi  rect'ivf.=i  aleo  tJie 
blood  fmni  thw  mnallfr  left  atiricW.  Tlie  cavity  of  the  ventricle 
is  much  BubdiWded  by  muscular  trabecuta',  wlilch,  gi-owing 
iiiivanl*  from  its  ualLs  (Fig.  f).j  and  7b,  Rv),  braiicb  aii<!  tinit^e  to 
form  a  kind  of  Bpongeworic,  in  tlie  niewhp>J  of  which  lie  tlie 
blood  corpuscles, 

Fi-oni  the  ventricle  a  small  aperture  lead*  into  the  truncus 
arteriosus.  Hiis  latter  is  divided  intoprnximal  and  distal  parts, 
by  a  pair  of  valvc-lik*-  folds,  just  before  the  point  where  il 
bifurcat<'3  intif  right  and  lefV  bvanchea;  of  these,  the  proiiinial 
part,  which  becomes  the  pylangium  of  the  adult,  is  partially 
sulKlividi'd  by  a  longitudinal  fold,  which  runs  nlong  its  interior 
in  a  aoniewhat  ;«|iir»t  coun^e.  It  la  difficult  to  iin.tgine  tliat 
these  valves  can  play  any  part  in  directing  (he  blood  into  one 
pair  of  afferent  branchial  vessels  rather  than  another :  but  it  is 
slgnificaut  that  tJiey  ulionld  appear  ju&t  at  the  time  when  the 
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tariculor  eoptotn  ie  being  conipl?tvd  oml  tin-  lungs  ore  coming 
into  uw>. 

At)  the  time  ottXw  mftaiiiorplioeis  tlie  condition  of  t.lie  hetirt 
is  practically  tlint  of  tlit"  adult.  Tlie  pmxiiiial  and  tlistal  parts 
of  tho  truDcus  artorioHus.  oi*  pylnngium  auU  »vii»iigiiiui,  un*  iiuw 
aeparatei]  by  1hre«  pocket  valves  in  place  of  the  two  simple 
Tolvm  orif^inally  piVM-iit;  the  spiral  valve  of  tbe  pylan^iiri  ie 
more  strongly  tlerelupet!  tli&n  before;  and  tbe  syiinngiunt  is 
divided  int«!<mally  into  anterior  and  posterior  portions,  the 
foronT  conimunirating  with  the  first  and  sfcnnd  paint  of  acirtio 
arcbcif,  and  th»  lutt^T  wilh  tli<:-  tbinl  nnd  fuiirtli  paint. 

Tbe  mode  in  wliick  the  tliicketiiag  of  the  wall  of  the  ventricle 
ia  effected,  by  the  foniiutioii  of  a  itiuKcuiar  reticidnm  williiii  Ihp 
csTity.  and  not  by  a  einiplc!  inci'uasc  in  tbtckiK>»a  of  tbu  wall 
itMelF,  lit  of  iiit^rritt.  iiinMiiucIi  m  it  explftiii.i  why  llii>  veiitricit-  of 
tho  frog's  hetirt  hns  no  nutrient  blootl-voeeeU.  Tht;  blood  within 
tbe  ventricle  occupies  the  ineshea  of  the  mupcidftr  reticulum  and 
K>  oontos  ill  close  contact  with  all  parts  of  the  vcntriciiliir  nnllo, 
a  condition  which  ri^nders  spi-cijil  nutrient  vw.*eU  unnwessan". 

'Vhe  (Mrie&rdial cavity,  in  itsoarly  tttages,  coinmimicates  freely 
with  the  general  body  cnvity,  of  which  it  is  nn-rely  the  anterior 
portion.  0*-ing  to  the  gn^t  Imlfe  of  tin-  iim»  of  yolk  cells,  I  he 
body  (.'R^ily  in  the  alxloininnl  regiou  i]f  the  embryo  in  at  tirvt 
merely  a  nan'ow  chink  (Fi<f.  70,  cs);  while  tbe  pericardial 
cavity  ia  already  a  space  of  considerable  aixe. 

I  jiter  OB,  nnd  espo^inlly  as  tho  lui^  veins  openinp  into  the 
sinus  venoaus  increase  in  sit*',  the  oprning  betweini  the  i>ericardiai 
cnvity  ami  (lie  gejieml  body  cavity  heconiPA  much  reduced  ;  but 
op  to  the  time  of  the  nietanior])lio6i£  there  is  Free  commnnica- 
tioo  between  the  two  ca*'ilie«i,  through  a  pair  of  nperturra  nt  the 
dortal  and  posterior  tfonU-r  of  tbe  pericunlial  cavity,  cto«e  to  the 
aides  of  tbe  laryngeal  chamWr. 

3.  The  Branchial  Blood-veueU. 

Tb*^  b I o<xI- vessels  of  tbe  phai^'nx  have  cloef>  relations  wich 
the  riM'eral  arches,  into  which  the  side  walU  of  tbe  pharynx  are 
divided  by  tbe  gill-clefts. 

The  first  vessels  to  apjieitr  in  tlie  body,  with  tbe  exception 
of  the  heart  and  the  great  veioH  opening  into  it,  are  the  dorsal 
Bortn>.     1'hese  arise  on  eacb  side  m  a  seriM  of  iaotated  lacunar 
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Bpaon  iilotig  till-  rcMif  of  tlie  ptiHrytix,  wliiiOi  Iiy  upcmiif;  into 
one  another  form  a  i«ir  of  longitiuliiml  vr«fl«la  ;  ttiatte  »x>ii 
extrad  liAckwards  alonf;  tlie  body,  but  remain  fnr  some  time 
distinct  fk>m  each  utlier. 

lu  the  four  bnuiclitui  nrcKes,  bltKHl-vf^pIx  arc  fomtccl  cm  n 
dpfioile  pUn.  In  the  first  and  second  bi-aiiciiial  arches  Uiesf 
v<n!els  appear  immetliately  nOer  iJie  «lorHal  aorttp,  and  an  well 
«8t«blislied  at  Iho  time  of  lintcbitig ;  in  thf  i  Ittrd  nixl  frMiiih  bmn- 


Vnt,  IV. — A  illofniunnuklk  tnii»v<-tM)  ncctlun  ilirouiili  tlio  bitxl  nl  «  7  win. 
Tmlliola,  MSB  tram  b«blBil ;  Ibr  (cctlnD  i>  uk«a  jo*!  behind  tbr  iiudltory 
tHklMk  w<l  p*M«  ibrooRb  tbc  flrrt  btnncUil  u«h  «a  cnoli  vMr.  On  llir 
lilAt  Me  both  the  ftlTenttit  ami  i-tlrn-iii  ttmtSt  of  this  an'li  an  ibowa  i 
no  ibo  Ipft  *ule  Ibi:  irrcux^r  put  of  tli»  iUTcrant  tamtt  bM  been  ranovcd 
hi  ■•idv  to  nciMMO  iti«  (dtoient  nucl  nan}  tlionMgUy.     ■  UX 

A.  mtM.  at.].  *«inw  T— <  •<  Bna  tonthkl  ■rrh.  BH,  BHloHa  ohtM^i^ 
a&m*i»hBt4.  OT.  IHrtMnlUrarltf.  BFX'*n*ti(  iHiUofllrM  bmnrliUI  ■rrlr. 
g.«itMi>iy  locff  arflU.naW(ln<tl^*>*CT*al«»'l*B«*llt«ii  ■illli^«Unf.  j^aMitvr. 
■T.  Ifww  mwfawM.  TP.  ft-arftn.  V.  tiifwMr  tiianlat  nt^  Vjr>M«liiT 
•hiiBMlvda.   TA.ftiunh«tnufrir.   X  t«miw«MiTlr  wrre. 


aUal  WBhan  Utcy  nriee  in  it  similnr  ninimer.  bat  at  a  aoiii«whMt 
telTfltage.  In  tb4>  liyffld  and  mandibular  atcHm,  re«M)fi<ynn- 
pambto  to  tboK  of  tbo  branchial  aa-ht-H  tipix-ar  at  an  i-arly  stagp : 
itiwe,  liowevtT,  never  c^nite  cniifrtnn  to  tlu>  type  seen  In  ib>> 
banchiol  arcbr^s,  and  mrly  undergo  ili>gcne native  cfaaugif^. 

a.  The  veu«U  of  the  first  branchial  arch  may  contt'nii'Rtly 
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bi>  taken  nx  tynicnl  of  the  eori«-s.  The  v*>8selR  property  the 
nich  urc  derived  from  four  (actors ;  (J)  on  efferent  lacunar 
v«Mel,  which  n|i|iears  in  tli^  mesol>1a.st  Q]i|>onit«<  the  haae  of  the 
ext^rnftl  gill,  mid  may  lje  recodified  in  tadjWos  aorno  little- 
tinu>  U-fnrB  Hutching;  (i\)  an  efferent  diverticulum  from  the 
doraol  aorta;  (ill)  mi  aff'erent  divertloolttm  from  the  truncas 
arttriosaE;  (iv)  an  afferent  laoonar  veuol.  whidi  lii>«  opposite 
thf  bfiRf  of  tlie  <'Xtci'im!  gill,  itniiiediftt«ly  behind  the  efTerent 
lacunar  vcssfl. 

Tliesi-  four  vessels  iijipcar  In  thw  orxler  ^ven  above;  they 
art-  al  tirulqiiit^  independent  of  one  another  ;  and,  for  some  time 
after  their  firat  appearuDce,  the  lacunar  vessels,  afferent  unci 
I'lferent,  havo  no  connL-ctiou  with  any  other  \'es«el«. 

The  ©ff<»reiit  Irtcunur  vo*seI  gi-ows  rapidly  ;  it  extendo 
<lor-s(itiy  until  it  iiii-'ete  with,  and  opens  into,  the  efferent  diver- 
ticulnm  from  thi-  aorta ;  and  it  extends  ventrally  towards,  h»i 
iHit  to  ineel,  th'-  triincii*  urtcriosiiw.  It  is  widest  lit  th«  middl<- 
irnrt  of  its  course,  opposite  the  ext^rniil  gill ;  and  liew  it  iM^cuiuea 
connected  with  the  afTi'ieiit  lucnniir  vesoe]  by  capillary  too)w  in 
tho  RubstAnce  of  the  gill.  This  Ib  the  condition  reached  at  iJie 
time  of  lintohiiij;, 

Shortly  iifti-r  this,  tlio  afferont  lacunar  vessel  aod  the 
diverticulum  ironi  t!ie  truncua  arteriosus  grow  towards  vach 
other  and  unite.  The  circnlation  in  the  gill  is  now  definitely 
established  (Figs.  77  and  7j^);  the  blooJ  jmasus  from  the  heart 
to  the  truncu:*  arteriosus,  ht,  and  from  this  along  the  nfTerent 
divertieulnm  and  the  afferent  lacunar  vessel,  which  now  form 
one  cxintinnous  nffirent  branchial  vessel,  Af,  to  the  gill  loopB,  in 
which  it  iKTunies  tu^'ruted;  from  the  gill  loops  it  paaaes  along 
the  effei-ent  lacunar  vessel  and  efferent  diverticulum,  which 
fonn  a  continuoU)>  offereut  brtiDchial  vessel,  ep.i.  to  the  dorsal 
aorta. 

Ah  the  external  gill  increases  in  aize,  and  becomes  Giubri- 
ated  or  lobad  at  itg  margin,  the  original  rajiillnTy  loops  become 
kngthened  out,  and  a<Hitionnl  ones  are  developed ;  but  the 
jifTrrent  and  ofEbrent  vbrscIs  remain  connected  by  capillaries 
alone,  and  it  i.-«  only  by  passing  through  the  gill  capilhtri«s  that 
blood  cau  get  from  the  heart  to  the  aorta. 

At  a  later  period  of  tadjwle  life,  shortly  afler  the  inoulh 
oiwning  Ik  estaLiItahed,  tJie  internal  gills  are  developed  on  the 
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^11  arcli  (US  a  (l1>ubl<^  i-ov  of  Lranchin^  tuHii.  vontral  to  tJic 
oxtermil  giU.  CnpilUry  loops  soon  appear  in  iheav  mtts.  forui- 
iiig  a  s«riHi  of  capillarj-  connection*  U-twet'ii  tho  aflt'rrnt  and 
t^ffoivnt  branchial  veitaets,  siDiilar  to  tlio^e  in  t!i«  extemnl  gill. 
hot  feiluatwl   more  reiitmlly.     At  tbt*  same  time  tJie  extwniai 

f     pll  dimiiiiahftt  crmBiilpmlily  in  eize. 

k  The  iwxt  vliuiige  of  iin|H>rtniico  it   tlic  (^tnl>lii4imi>iib  of  n 
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vo  Ar4  m  FA   Rv    '" 

o.— IMagiwinniUic  It^nro  of  tb»  Iwad  uTs  13  unii.  Tadpote  Tmiu  thu 
;;ht  tlda.  cbntrtog  llic  hnui  UiA  biandtUl  M9wl-vi'wi<ls.  Tke  cnpilliuy 
ops  o(  the  glib  m  omituA.     x  SA. 

A.*Ma.  AH.bMeif«rttn.  ATX  AT-S.  Ar«.afHnit  mnclilal  t<Mhi4 
■n«,ia(i(ttkap>lh>BnlihniiivUilMtl«^  AIi>lbipnl«(*r).  AP.pdoMnMTkrta^. 
JA^AitWcvnVfklDrtcr).  ASjntUrtm  |«Im1ui  utu>  AT>i>iim1<H'  [-'-■■i- 
•Mnr.  AXr.  mWBcuai  Hnn?.  AT.  fhiujniginl  iir«RT,  CA.  ■iiiviiof  inniuliwd 
fPHl.  «■■»  In  flliM.  OQ.  IniL&m*  ■muailao  ■!!  lh»  llDgiial  MTwj-,  CP,  |»>Uriur 
rmmUmnt  rwtmtl,  •«!  In  >*«ti°iu  IIF-L  BF-S.  SFS-  BF^i.  <a«M  tnnrkU 
)-nBUa(tr<«,uMtiiiL  thiT'l.oiul  loimhimualiulRKliH.  A)i.ff1iuwi«lD*,  BA-rlvht 
MirWK  SB.  lift  uilile.  ST.  Ituimim  arMtloHu.  KV.  imtrtrtt.  VD.CutIkIm 
ntt.    irSL  hqMIn  *t«ii    TLimlMltitrnMcstm.    TF.  iwluiauary  ntn. 

(.■tiiiiivclioii  lji'lw<-eii  till-  iiflVi-cnt  and  i-ffirent  brniiclital 
naeeJti.  Hip  two  vowels  (Kips.  77  and  7!>,  \r.\  ami  EF.i)  lie 
ilongaide  each  other  in  t]ie  arcli,  tin-  aflbn-nt  \n-mg  the  poeterior 
of  tbe  tn'O.  In  tiulpoli*:*  ofnhout  12  mm.  length,  in  wliicl)  thn 
tucker  is  <Usa|>|ieai-iDg,  and  tin*  kiiul  liniliu  an*  ])n-si'nt  as  a  pair 
of  small  roniMlMl  |inpillie  at  Hit*  h-ise  of  the  tail,  n  direct  oom- 
maoicatioii   is  e«1al>li>^h4.il   li^twnMi  tlio  T«»ti-nl   riHlu    vf  tlia 
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aScieiil  nni:l  efleient  vfiiseU,  close  to  tbtt  truiicus  nrttrnostu, 
(Fig.  80).  TIio  precise  mixle  in  whlcb  the  coiamunicatioii  U 
««f.nW isln-d  will  lip  di^icrilied  in  thy  section  dealing  with  tJie 
ileVL-lupmeiit  of  tlie  carutid  glantl  (p.  181).  As  ihu  ci>iniiiani- 
CAtioii  18  vmtral  to  tlie  gille,  both  exturnnl  and  internal,  any 
blood  which  pnRsPs  ncrose  it  will  get  from  the  heart  direct  to  the 
luirtn,  witbuut  passing  Uivuugti  any  part  of  tlie  gill  circu> 
latioii,  i.e.  witliout  being  aerated;  and  the  efficiency  of  the 
(»ill  ipspirtit.ion  will  coniu>«]ti<'iit1y  \w  inipaii'«^s^l  in  dire^ct  propor- 
lioii  to  tlie  amount  ftf  lihtud  uhicli  taken  this  shoK  cut  iu 
preftrencB  to  the  cii-cuitous  route  llirougli  thi*  gill  cnpillarieo. 

The  Biibscquoiit  fhniiger  in  the  vesselK  of  tlie  first  lii-nnchial 
ai'ch  iii&y  cuiiveiiioiii  ly  be  considered  after  the  vcfaels  oC  the 
other  arches  have  been  di-scribed. 

h.  The  vesfels  of  the  seoond  brancMftl  arch  (t^jgs.  77,  78, 
ami  KO,  Al'.'j,  lil'.a)  dcvi-loji  in  exactly  the  same  way  as  thoM-  of 
till'  lii'st  biaiictiial  arch,  and  aliiic>i>t  siintiltaoeously  willi  lht>!ie. 

0.  The  vcweU  of  the  third  branchial  arch  (I'igs.  77,  7{*,  and 
80,  AV.-i.  rJ'.aJ  luv  fornii-d  rather  I.itet",  Tiit-y  nvf  of  smaller  size 
(hail  those  of  The  first  miil  fwotid  brmicliial  archea,  hut  in  other 
iTspivts  utv  similar  to  thew.  The  pxt-enial  gill,  and  ihe  veiuels 
supplying  it.  an-  cmisiilpmbly  !>inal]<>r  than  tliose  of  the  two 
aivhes  in  front. 

d.  The  reaaelfi  of  the  fourth  branchial  arch  (Figs.  77.  78, 

and  80,  W.i,  icr.tj  aiise  »tiU  Inter,  but  in  essentially  tile  SOUM 
manner,  except  that  iio  externa!  gill  i;*  fonni>d  ou  tbia  arch. 
'Hie  ves-wls  are  well  cRtablisIii'd  before  the  month  o|i«niiig 
appears.  Vvootl  the  dorsal  emi  of  the  efloi-eut  vobspI  of  this  arch 
the  ptiinionary  artery,  Al'.  arises  ae  a  diverticulum  wldcli  gron-s 
iiockwuiilji  along  thi-  onler  ?ide  of  the  lung  (ef.  Fig.  7G,p.  IIW). 

[t  shnnld  lie  noticed  thiil  the  pulmonary  artery  arises,  ai)d 
iieqiilren  it»*  relatioTia  with  llie  limg,  befine  ihe  oFTerenl  brancliial 
vessel  of  the  arcli  has  joined  tlio  diverticulum  from  the  truncna 
arteriostm :  indee<l,  l>cforH  tliia  latte>r  lias  coinnietic«d  to  develop 
(cf.  Fig.  78).  Con>«<-<iaiiitly,  the  only  blood  that  can  at  tlii« 
stage  reach  the  lung  ii>  blood  from  the  donnt  aorta,  and  not  bhxx) 
from  Uie  heart ;  in  oilier  wordii,  the  lung  in  the  early  rtagea  of 
itri  development  receives  arterial  aud  not  venous  btofxl. 

ITie  ftffercnt  vessel*  of  the  fourth  branchial  arch  develop 
very   tati*;    and    tlu>    airi'it.'nt  divertlcnlum  from   the  trttncue 
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krteritjstui  (Kig.  SO,  af.i),  tvully  a  brancli  from  that  of  tlM>  thJifl 
arch,  do(^  not  commcmce  to  fomt  until  after  the  iiioutb  oT  th<- 

e.  The  veueli  of  the  hyoid  arBh.  In  tlit*  hyoiil  nrt'ii,  at  an 
tmiiK  stapi-  of  development,  VMSt-ls  are  pruik-nC  whicli  ayn-t- 
olostrly  ill  ivlnrioDS  ami  in  nrmngPTnent  willi  tlio?c  of  th<f 
hrmuchtnl  nn-hrx;  l>u(  whicli,  nl1<-i-  developing  ii|>  In  n  certain 
point.  iinHcrKri  ilfjft>iieru(iv«  rlinngM,  and  in  tlit>  lat^r  stnffett  cif 
tad|K>lr  rxbteiice  loee  all  ti-ace  of  tlieir  ori^iial  dispoigtion. 

lu  tail|MJefl  of  ■>  mm.  length.  niA  long  Itrfore  iiatcbing,  the 
byoid  VMwtacoiwistof: — -(i)  an  elongaled  efferent  IncimurveitiiKl. 
lying  pomlh'l  to,  and  in  front  of,  tiH'>  eflVn-iit  vcbkcI  of  tlie  first 
btmncliini  arcli:  an<l  (ii)  a  very  small  ilivi-rticulutn  from  tla- 
dDrsnl  nortu,  wliich  lies  opposite  the  npper  i-iid  of  the  Wnmtr 
TMW),  but  dops  not  quite  inpi^t  this. 

In  newly  hatched  tmlpnles  two  furlhi-r  changcB  have  oc- 
cnrml : — (i>  a  BUtaW  blind  diverticulum  ariaes  from  thi*  truncuR 
Mteriosua,  jo«t  iu  front  of  the  diverticulum  for  the  first 
branduol  arch;  and  (it)  the  vlleretit  lactiour  vri^^l  lias  bc-coiiie 
oUiteifttMl  about  tlie  middle  of  i(!i  Ivngrli,  and  »■>  divided  intn 
two  sepanilp  imrTJang,  dorgitl  and  ventml.'  Ofthefie.  tlio  dorenl 
one  hai*  no  communication  tvilli  any  other  ve>sid.  althonifh  it 
Ucfl  very  clo^-  I"  the  <Iiv>Tticidiim  from  the  aorta;  nhil*' the 
Ventral  ixirtion,  which  may  be  spokf^n  of  as  the  hyoideaii  vein, 
below  into  »n  irrpgulnr  longitudinal  venouK  mhus  lyiug 
ahorti  th*'  Biickf-r. 

In  tn<][M>let4  shortly  after  lialohing  (Fig.  78),  tlu?  divei-ticulum 
from  thftnmcitHarterio«n8has  di!ta{i]>ear»Hl.nsbasahK)  tli{>  dorsal 
ponitiu  iil'the  etfen-»r  .iiiius ;  t^o  that  tlie  uulyTeMch  remaining 
ai»  the  small  direriiculnm,  RH,  from  the  aorta,  and  the  vrntml 
pottiou  of  the  efferent  ainus.  or  hyoidenn  vein,  w,  wliieh  opene 
below  into  the  vi-ina  ofthi*  nucUvr,  vk.  By  (he  time  the  mmitb 
tfiMkiag  IN  fiitnblislied,  the  diverticulum  from  the  aorta  has  al#u 
vanished,  and  th<>  hyoidean  v<>in  is  th«  only  piTcistent  {tart  of 
U»  wriff*  of  hyoidenn  veeaels. 

It  than  npi)e««  that  in  the  hyoid  arch  vewsela  are  develo|)ed 
hirh  are  eaatflltimlly  similar  tu  tluwc  of  a  braitcliial  arch  ^  tlie 
chief  diHenmce  b«i^  that  no  afferent  lactniur  vessel  is  fiHiued 
tn  the  byoid  arch,  a  diUcrencc  which  may  clearly  he  correhtted 
with  the  alMtiee  of  gills,  botli  external  and  internal,  from  the 
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OJKh,  The  arransenimt  mm!  mode  of  (levelo|imeBt  of 
wbk-b  are  acttullr  present  in  the  hvuiil  anrli,  agree  *>  dnriy 
with  those  seen  in  Uie  waa^  of  the  branchUl  ucbet  at  to 
Btrtmgtjr  soggeet  tfaftt  frogs  iBiist  b-  iIck-v  ailed  from  aaae^an 
io  wfaidi  pWi  were  present  od  rhe  hrnid  arch  ns  well  u  ou  tlit 
bnuicfaial  nrchi-:!. 

t  Th»  TMMls  of  Ute  maadibtdu  ajch.  lliesc  sppeir  liter 
Ihao  tile  vessels  ol'th«  hvoKl  arch,  an<l  ilepairt  even  mom  raaricnfij- 
frotn  the  typicAl  bnuicliial  arrai^eoient. 

Up  to  the  tiioe  of  hatclimg  tboro  are  no  vessels  at  all  in  tir 
maiulibulor  arch.  Shoctlv  after  hatching  there  appears  in  tlw 
lover  or  ventral  part  of  the  arch  a  I-nciiuor  veesel,  whiefa  liei 
pumll^l  to  and  in  front  oftho  sitnilurTrsse)  in  the  hyoiti  arch, 
nntlf  lilci.'  tht»,  (>[)eiut  itito  the  venous  sinuses  above  the  sucker;  it 
tiukjr  be  spoken  of  as  the  mandibular  vein.  There  iaolftoprewnl 
a  verv  Htnall  diveiticulnm  from  the  il^rsal  aorta, 

A  little  later  (Rg.  78),  both  these  factors  have  grown  coo- 
fliilvrably.  Thv>  amrDltbutar  vela,  YM.  lias  exteudt^  domlwardi. 
[iDd  the  aortic  divei-ttculum,  km,  vealmln-urda ;  and  the  t«o 
Teasels  are  uov  continuona  with  eacfa  other.  Shortly  after  the 
month  iip^na,  the  two  ftgain  ^I'pornti? ;  the  innndibalar  veiB 
graduallr  shrinks  up.  ast  the  sucker  degenerates,  and  the 
diverticulum  grows  forwards  as  the  pharjDgeal  art*^r>-  of 
•dull  (Fig.  80,  AV). 

Frum  the  above  account  it  appears  that  tho  vessels  of 
mandibular  arch,  though  still  refemble  to  the  tjpe  of  the 
branchial  \-e6iseU,  nn  even  more  modified  than  those  uf  the 
byoid  arch ;  tlie  aifei^nt  lacunar  vees>.'l  and  the  divertJcuiam 
from  the  truncus  orteiiosus  are  completely  ab^nt,  and  at  no 
time  have  the  yl-sm-Is  any  conuectioii  with  the  heart. 

g.  The  changes  in  the  bzaaekial  vesavli  at  the  metamorphoiit. 
Kor  some  time  before  lli«  metamorphosi*  the  tadpole  breathes  liy 
liiQgs  as  well  as  by  giUn,  though  the  main  parlof  thc>respiratoty 
wcHrk  is  perfortiii^d  by  the  latter. 

The  condition  of  the  blood-vessels  during  this  ]>eriod  uf 
dooUe  reBpiratiun  is  ns  follows  The  tiiRndibulnr  and  hyoid 
vcsmIs  may  hv  omitted,  u,  although  thc^e  aix-  fi.>nned  on  the 
type  of  the  branchial  vessels,  they  ha\-e  uo  connection  wiih  the 
Iteart,  and  no  gilU  are  developed  in  illation  with  them. 

GilU  are  prvscnt  on  all   four  branchial   arches,  and 


'  veut 

>f  tiJ| 


TttT.  UTLK^CmAL  BIjOnD-VESSKlA 


177 


arrangement  of  tlie  vessvU  iit  pracbicnllj-  Ihu  atmv  in  all.  lu 
cocli  nrcb  (V\ff.  S<i)  there  nro  two  mnin  ve!is«!«,  ofTereiit  ntiil 
(flerent,  wluch  lie  side  by  side  riosci  to  each  othrr.  Of  these, 
tbe  affi^rvnt  vowel  ts  a  branch  of  the  truQcu:^  Arleriosiiit,  niul  IteB 
in  this  jKtetfrior  ])art  of  the  ai'ch ;  while  the  efferent  veetel 
ti«8  iium«liat«ly  in  front  of  the  afferent,  and  opens  at  it« 
donnl  ctid  into  tbo  tiortu.  The  aficrent  reeeel  is  confinvd  to 
tlio  vi'iitml  Imlf  of  the  aixJi:  while  the  efferent,  exti'tids  along 
its  whole  Ititiglli,  it«  ventral  tcnDinaliuu  lying  in  the  floor  of 
the  moutli,  cloee  to  the  orif^n  of  the  afferent  vessel  from  the 
tnincas  arteriosus. 

'llie  afiereat  and  eHi-rent  vessels  of  each  arch  are  ooniiflct«d 
together  ill  two  ways;  (i)  by  the  capillary  luops  of  the  gillB. 
of  which  the  most  dorBolly  placed  I>e1ong  to  the  exbemat  gill, 
utd  the  ventral  u^rics  to  the  ititemal  gill.-' ;  (ii)  by  nich  itfferent 
Tenel  npening  directly  into  the  correapoiidiug  efferent  vestfel, 
the  coRiniuuicution  (Fig.  60)  being  ventral  to  the  g'^Ia,  and  uf 
very  small  si/e.  This  direct  connection  between  the  afterent 
and  offerout  vegseU  in  present  in  all  fonr  branchial  arches,  though 
[Is  jajflitioii  and  relations  an^  not  eiun-  Ut  (leU-ruiiiic.  'flie  blood 
mt«ring  nn  afl<;i-fnt  vcetMel  from  the  heart  ha^i  thus  two  couisa* 
iipau  trt  it:  it  may  either  confinu*  along  the  aflerent  T«aKl, 
and  paw  through  the  gill  cApillaries  to  thn  efferent  vessel,  and 
BO  rracb  the  aorta ;  or  it  may  pass  »cru8s  nt  otice,  throngh  the 
aperture  of  communicntion,  to  the  efferent  vessel,  atid  mtch 
the  aoilu  witliout  having  passed  through  the  gills. 

At  the  ooDinwDoemeut  of  tlie  metamorphusis  thvae  direct 
eotnmunieAttonn  enlarge,  so  tJwt  an  Incrensing  quittitity  uf  blood 
puBBB  from  the  heart  to  the  aorta  without  goiag  through  the 
gUls.  'Hie  gills  Ibiis  receive  lesn  sod  less  blood,  and  gradually 
diminisli  In  aiae  and  in  efficiency.  Increased  work  is  thereby 
thrown  on  the  lungs;  and  an  increasing  supply  of  blood  is 
tent  to  tbe  lungs  and  akin  by  eiilBrgeutont  of  the  pulnionary 
■od  cut(Ui«oiit(  artcric«,  which  are  branches  of  the  eBereat  vessel 
oTlJie  fourth  branchial  ardi  (Fig.  80),  clot!e  to  it«  dorsal  end. 

By  further  enlnrgement  of  the  direct  oomniunicationB 
brtwoen  the  afferent  Jirnl  efferent  vessels,  the  definite  aortic 
arches  ore  foi-med,  lending  directly  from  the  heart  to  the  woria ; 
each  aortic  arch  (<•/.  Figs,  tjij  and  81)  consistiDg  of  the  basal  or 
lal  end  of  tlie  afferent  bronchial  vosael,  and  the  wbolo 
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lengtli  of  the  eflVreut  veesel ;  while  veiy  tiearlv  the  whole  leagtit 
of  the  aBerent  vesftel,  nnd  rU  Uie  gill  capillaries,   diaappeai- 

completely. 

Very  sliglit  cliaTiges  will  now  convert  tho  bnmchia!  qrstem 
of  the  tadpole  to  tlie  aortic  system  of  the  adult  frog.  Of  U» 
four  aortic  (irclies.  the  first,  iu  the  first  'bniucliial  arch,  l*ooine8 
llie  cftroti.l  arcU  of  the  frog  (Fig.  81,  i).  Ilip  [x-rtion  of  the 
dorsal  uorta  between  the  pwnta  of  opening  of  the  first  ami 
second  aortic  arcliea  remaitia  an  open  tubular  vessel  for  some 
time,  and  mnr  ev«n  retain  ila  lairnm  iu  the  adult.  More  usually, 
however,  tin-  cavity  hftcomes  oblit«rated.  and  the  walte  of  rhe. 
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Flo.  61. — Diagnunmjitic  fiirurc  o(  tlic  nrtcna]  KywtiMn  of  nii  nilull  didIc 
Fruf,',  Troni  tli<-  right  sidr.     k  I . 

C  (loinkoh.  C,  noitHI.  r.  •uiiiU  Inioctnc  «.  ei.i«lli1  ■rt«nr.  4V.  Mrntid  rivfl  J 
(Ml,  «Blbnvi;j«Miit«rtP  iLilarv.  rn.  (iittnwiaa  ulorc.  V.  lurtr  IritMla*.  ■!<,  ilcn>L'| 
xirM.  /,  tciiiur,    Ik,  iplmL.    Aii.  Iiriiiillii  iirlriy,    I.  rlvlil  liiiii;     Ui.HnfnX  »naj.    n^j 

(trOlu  •.•(aninin.  h,  inla-liiTUn  MrMrj,  i.-,  •"intfr  •iwrr,  ',  •oiiBiie.  f a,  umnu 
■rtcvliMo*.  H,  HrliiatfBiiltAl  artrrtvK.  «,  vi>fitrlp|r,  t.  caroLM  vt^b.  S,  t^rvlavnic  luvk. 
)k  imliiin  wWewom  wtIi. 

vessel  pei'sist  merely  as  a  pigmented  band,  connecting  thedc 
vod*  of  thi-  enrol  ill  and  eyistotnic  orclios  with  each  other.  After 
the  ohliti'ml ion  of  this  part  nf  the  aorbn,  tlio  blooil  in  the  carotid 
arch  is  diatributed  exchisivei}'  to  the  hefid. 

I'hc  gecoud  aortic  arch,  in  the  second  branchial  arch  of  tlw' 
(wi]>i>!e,  l»ecoinoa  the  systemic  nrch  of  the  frog  (Fig.  81,  i). 

Th't>  third  aortic  arch,  in  the  third  branchial  an:!h  of  the  tad- 
pole, disappears  altogether.  In  young  frogs  of  the  firet  yvar  it 
loeoa  its  connuctiuii  with  the  aorta,  and  thuu  grikdauliy  nlii<rt<>iia 
up,  the  diHtal  part  becoming  a  solid  cellular  cord,  and  the 
pioximal  or  cardiac  part  retaining  for  a  time  its  lumen.  Before 
the  end  of  the  first  year  this  TCii&el  has  entirely  disappeared. 
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Tbe  fourth  aortic  arcli.  in  tho  fonrtli  branclilal  arch  of 
tudpulc  iK'conies  Ihe  pulmo-cutaneotu  arcli  of  the  frog.  It 
n-rniii^  it«  communitwtioit  wtlb  Ibo  aortu  fur  some  timoaftor  tbe 
4onal  part  of  ih«  tlunJ  nrcb  bas  atropbit;d ;  bat  before  tbe  end 
•of  tbe  Snt  year,  the  part  of  the  fuurtb  urcb  abuvo  the  origin  uf 
'jfttlW*"""""  artety  lusiv-*  its  cavity  anil  beo^mea  solid,  so  that 
t^A  palnio-culaiieotiit  arcb  no  longer  o[teDB  into  tUv  aortiu 

'ITi©  cooditioii  of  tbu  aortic  archea  ia  now  that  of  the  adult 
rro^{Kig.81). 

Beforv  leaving  tbt*  braricbial  ciroulatioiijit  shutiM  be  DOticed] 
tbnt  in  utlii-f  species  of  frogn  the  development  of  tbe  blood-' 
T«sul«  (liOen  ill  some  important  raspacta  from  that  deicribwl 
abtive  for  the  ootnnion  RngliiUi  fro^,  Bana  tcmporaxla.     In  Baoa 
etoulenta,  according  to  Maurer.  tbe  ellennt  liicmmr  v>;'wl  of 
each  lurch  beooineii  connected  at  its  ventral  end  with  tbe  truncnai 
arterii»iii4,aitd  at  its  dorsal  end  with  thi>  aorta,  before  tJie  afferent] 
branchial  vessel  i«  romied ;  w  that  in  tbiis  species  of  Irog  there ' 
is  a  stage,  prior  to  the  fonnatiou  of  the  gilU,  in  which  there  b 
adin^  pasuiuge  from  tha  heart)  bo  tlie  aorta.    Ah  tlie  gills  appear,. 
thti  afferent  gill-vewel  arises  u  an  outgrowth  from  the  reatrnl 
end  of  the  efferent  vessel,  with  which  it  becoiDcs  connfKrted,  more 
dorsaily,  thpongh  the  gill-capillaries.     Doring  the  time  that  the 
tadpole  iabrcuthing  by  gilla,  the  direct  counvcliun  between  the, 
reatral  ends  of  the  sITerent  vessel  and  the  efierent  veaoel  ta  losc^J 
but  it  is  re-i'«tubIisihL'd  at  the  time  of  the  nietauior])ho«iH,  after 
which  time  the  further  changes  arc  the  Mnic  aa  in  Bana  tempo- 
raris.     A  siuular  mode  of  development  has  been  ubsfrvL-d  iw  an 
ejcceptioaal  occanvnc«  in  Aana  temporaria  itsolf,  and  there  ant 
naaoiu  for  thinking  tbnt  thi»i  plan  of  development,  in  which 
tlicre  ia,  from  the  tir^^  direct  connection  betwoeu  the  heart 
and  the  aiirta,  through  the  aortic  archi>8,  and  in  which  tbe  whole  < 
gill  circulation   is  secondarily  derived  from  thiii  conditiou,  \a 
mure  primitive  than  the  Jnodu  of  development  nsually  seeu  iu 
Sana  tenjiorarta.     Tliis  more  primitive  type  of  lar\-al  voestila  ifl,| 
coniparulih*  to  the  condition  obtaining  throughout  life  in  the- 
brancbial  blood-vessela  of  Ainphiosus. 

i.  The  Boraal  Aorta  and  it«  Bnmobei. 

There  are  at  first  two  aorta',  one  ou  eitlier  side  of  tbe  body. 
lliew   appear,  as   described  above,  as   a    number   of  isolated 
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laoniinv  spaces  in  the  roof  of  the  phnrynx.  whicb  run  U^ethtT 
to  form  a  i>uir  of  coutiuuoua  vessels.  Tbcso  »re  widest  apart 
'»]>]K>itibe  the  first  branchial  arches  (Vig.  77,  a)  ;  fiirtli(T  bnck, 
Iwliiiiil  the  pliaryngeal  rogiou,  tht-y  lie  close  alongside  each  other, 
and  M)on  fuse  to  form  Ihr  definite  doreal  aorta. 

B.  The  ortcrisi  of  the  head  nrn  derived  fn)ni  tho  mitcricr  ends 
of  tlwi  doi-snl  artr(a>. 

The  carotid  arteriei  (I-'ig.  78.  ac),  which  are  the  direct  cxm- 
til)ll«tioIl^  Ibrwai-de.  of  the  dorsal  aorta-,  become  early  cmoecled 
liY  two  tran»veive  veSHela,  the  anterior  niul  potterior  conuoiKml 
v«ueU  (Fig-  77,  ca,  cr),  vrhicU.  with  the  airolid  artpries  theiu- 
mIvw,  form  na  arteml  circle  surroumling  the  iiifutidilmlatn.  Id 
(Voiit  of  til*  iinterior  cotniniKsiirnI  vwf\  tin-  carotid  arteries  are 
continiitHl  forwanU  id^  tliu  anterior  cerebral  arteriei  (Figs.  78 
and  Sit,  All). 

The  banlar  arterie*  (l-'igs.  78  and  80,  ab>,  appear  »horUf 
before  llip  month  o]wiib,  as  a  pair  of  vessels  which aria^  from  tbs 
oiit«r  wuda  of  the  poHlciiurcomrniranrftl  vesspl,  and  ruu  baokwards 
along  the  ventral  surface  of  the  brain  and  spiiud  cord,  not  far 
frotii  the  median  plane. 

The  anterior  palatine  arteries  (Fig*.  78  and  80,  at)  arise  ns 
branches  tVuui  the  carotid  iirlL-rioa.  juKt  before  these  enter  the 
kkult,  aud  run  forwards  in  the  nincrtus  iiK-inhnino  of  the  roof  of 
the  montli  ns  far  as  fhp  nnse ;  they  appear  very  shortly  oft«p  the 
todpolfl  liatcho.H, 

Tlie  pharyngeal  artery  (Pig.  80,  ay)  is  formed,  as  alreojy 
described,  from  the  dorm)  part  of  the  efferent  ve«s«l  of  ther  man- 
dibular arch  (Fig.  76,  km).  From  it  the  pot(t#rior  palatine  artery 
(Fig.  80,  as)  arises  as  a  Biirnll,  aiitt-riorlj  directed  branch,  which 
runs  forwards  and  outwarda  in  the  roof  of  th«  pharvnx. 

ITiu  Ungual  artery  (Fig.  80,  al)  is  of  considerable  intereat. 
It  appears  thortly  lu'lbre  tJie  mouth  opens,  and  in  tadpolisof 
about  9  mm.  length  ia  present  on  each  side  of  the  head  as  a  verr 
ehort  vessel,  lyingin  the  flcwr  of  the  mouth  immediately  in  front 
of  the  truncus  arteriosius.  In  the  middle  of  ita  conrse  it  presents 
a  snollen  bulb-liUe  Jilntiitioti,  from  which  nritte  : — (i)  an  anterior 
lipiinc-h,  the  Hngaal  artery  propt^p,  which  rnns  forwards  a  short 
distimof,  giving otF  a  small  tliyrnid  artery  to  the  Uiyroid  body; 
and  (ii)  a  posterior  brnacli,  which  run|»  a  eliort  distance  OQtwnnla 
and  hackwards  towards  the  ventral  eiid  of  the  efferent  branchiid 


'lUB  AKT£BiES  OF  lllK  I1EAI>. 


181 


of  the  first  bmnchbl  arch,  tf.i,  but  does  D^t  quite  niwt 
At  this  stage,  th«rvf(iru,  the  lingaut  »rt*.-rjr  in  u  clond 
vesspl.  Kaving  no  communicntinn  with  nny  other  blood^veaae). 

Slightly  l&trr,  in  tA(])iule«  of  about  12  mm.  Icn^li,  the  |hw- 
ti^rior  etiJ  of  the  lingual  artery  and  the  veatml  eaO  of  the  ftrst 
eHerent  branchial  vmwI  become  directly  continutnig  with  each 
other  (Fig.  80).  Tho  biilb-like  Hwclliiig  in  ntill  present,  and  it 
is  iinmLHliatoly  donml  to  this  that  thu  direct  counuctioQ  b«twooti 
tho  nHVi'eat  nnd  eflet^nt  branchiftt  r«s6eU  is eSected,  as  deecribed 
kboT«.  'Vhe  ant«rior  end  of  the  lingual  artery  li»8  by  tttis  time 
grown  forwards  comidvntbly  (Fig.  80),  extending  to  the  lower 
jaw  and  low  or  li{>. 

The  liu^'nal  art«ry  tbasariaeB  in  tho  U(K>r  of  the  mouth  iii- 
dopendirnily  of  any  other  vessel,  but;  soon  acqairt-a  connection 
with  till*  voiilral  end  of  the  first  efferent  bmnohinl  votscl,  of 
which  in  lh<'  hiter  Ktaffps  it  appears  to  be  n  direct  vontinnalion. 

b.  The  carotid  gland  of  the  fhig  in  formed  by  plabomtion  of 
th<f  direct  passage  betwt^n  Ihu  oKercol  and  efltm-iit  vexwels  of 
tht?  Krst  braiichinl  nreh.  At  12  mm.,  aa  just  noticed,  th«  lingiial 
utery  and  tho  Jlrat  efferent  bmiichial  vessel  artt  continuous ;  the 
Ungual  art«ry  has  at  it«  tiaso  (Fig.  80)  n  nmaW  bulb-l!kr  HWflling, 
ou,  nnd  imnifdintply  doi'»il  to  this  swelling  the  flfferont  nml 
HTerent  bmncliial  vi<i$.<;elB  are  in  direct  communication  wiUi  each 
oibcr.  This  direct  paiaagw  is  at  present  a  single,  and  n  narrow 
one  :  it  traveraeti  a  small  plate  of  epithelial  ccili=,  which  is  bndded 
off  from  the  epithelium  of  the  tirst.  branchial  cleft,  and  wedged 
in  between  the  nflforrnt  ami  efferent  veJwels. 

In  thv  1nt«r  »t«g<-x  of  d«'V«lopiiient  this  |»utiiage  b«cotne!« 
piextfonu,  there  being  now  three  or  four  openings  into  the 
at&mit  T«88el,  and  about  the  nanip  number  into  the  efferent 
vosBel,  one  or  more  of  the  Utter  lending  directly  into  the  bulb- 
like swelling  at  the  bose  of  the  liuf^'unl  artery. 

This  plexiform  oommuuication  forms  the  cArotid  gland;  the 
history  of  its  formation  shows  that  it  is  not  to  be  rrgaided  an 
H  persistant  or  modified  {wrt  of  a  gill,  as  waa  fonuKrly  held  t4) 
b«  the  case,  hnt  that  it  is  a  speeislly  aoquinMl  utructure,  formed 
bjr  elabontion  of  the  direct  passage  between  the  aJterent  and 
cflbrent  bntnchial  vesseli^,  a  poMtngo  which  is  prct^nt  in  a  simpler 
form  in  the  hinder  arche:i  as  well. 

Solid  e|)ilhelia]  plates,  of  a  similar  charnct«r  to  that  in  which 
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the  carotid  glsnii  is  foi-inoi^,  nre  (1«V4>lD|)od,  at  a  aliglitly  kt«r 
Stage,  between  the  ventral  eu<!s  of  ilie  fllTerent  and  eftweui 
recflelg  of  the  second  aad  tliiri]  bmucMal  oixbes,  and  perhaps 
ia  the  foiiHli  arc^i  ns  well ;  mid  it  is  by  pt^rfonition  of  fli«c 
ljlBt«8  that  tlie  direct  commiiiiicBtionK  l)etw»>n  tht>  alferent  and 
efferent  vessels  ore  established,  After  tbe  metamorpfaosts  the 
cpithtrliu!  jilntvB  portist,  and  even  increase  in  sizL>,  formlug  Kolid 
epithelial  bodieti,  lying  in  the  floor  of  tlie  mouth,  in  thf>  unglca 
betweeu  the  carotid  aad  systemic,  und  sysleinic  sod  pulmo- 
cataneous  arches  respectively.  Tliey  acquire  omnectlve  tiaaue 
cnpsulos,  and  hnve  bwn  spoken  of  as  ncwtsoty  thyroid  bodiM. 

c.  The  hinder  part  of  the  dorsal  aorta.  The  union  of  the  two 
liurtio  to  form  t)iL'  detiuite  dur^ul  aortii  occurs  almost  immediately 
behind  the  phalangeal  region  (I'ig-  77). 

At,  or  close  to,  their  point  of  union  each  norta  has,  at  thf 
lintu  of  hatching',  a  aiunl)  bulging  ofltiS  ventral  wall.  LaU-r  ou, 
thene  Iiul^iiigt  JTicreaw  In  m-m'  tind  become  oaicculated,  formiitg 
a  pair  of  prominent,  pigmenled,  thick-walleii  Hwellinga,  the  glo- 
meruli of  the  hejid  kidneys  (Figs.  77  and  7S,  u.M>,  which  hang 
down  into  rW  dorsal  part  of  the  bwly  CJiWty,  lying  opjKwit*?  the 
)\fa.f\  kitladiys,  Kf,  nloug  almOBt  their  entire  length. 

In  their  further  development,  the  glomeruli  keep  pao  with 
tlie  hend  kidneys ;  they  remain  largi-  up  to  abvut  2^  mm.,  i.e.  iw 
long  aa  tbe  head  kidneys  remain  functional  (ef.  Figa.  83,  SI,  and 
85) ;  but  in  the  Inter  stiij.f^,  when  the  head  kidneys  begin  to 
degenerate,  the  glomeruli  also  become  smaller.  They  ai-o  still 
present,  though  nf  very  small  9ii!«,  up  to  tbe  end  of  the  Brst 
year,  but  disappear  completely  in  the  second  year.  Certain 
farther  points  in  connection  with  the  glomeruli  will  be  noted 
in  tlie  section  Oeaiing  with  (he  kidneys. 

d.  The  pulmonary  aiteriea  ai-jse,  as  described  above,  shortly 
aOer  the  tinn'  uf  haicliing  {I'igs.  77,  73,  AV),  fts  diverticula  from 
tlie  doraul  ends  of  the  ctfercut  vcs&els  nf  the  fourth  broDchtal 
arolieii.  As  the  connection  of  tlie  afferent  vessel  of  thi»  arcli 
with  the  truncus  arteriosus  is  not  aequired  until  some  time  after 
the  mouth  opening  is  e«tabll&hed,  there  is  a  considerable  period 
during  wliicli  the  supply  of  blood  to  the  lung«  is  derived  fnnn 
the  aorta  and  not  from  the  heart,  t.«.  is  arterial  asd  not  venou-t; 
a  condition  wliieh  suggests  that  the  lungs  had  origioally  some 
function  other  than  respiration  to  fuISl. 


eotaneoDS  artery  (Fig.  £0,  m)  ix  a  I>i-nm-li  of  t)i«i  fonrth 
fflmnt  feeecl,  vvhicli  twitei  very  ciciso  to  the  pulmonaiy  arteiy, 
bat  independpntly  of  tbiii,  and  Bt  ii  ratJi? r  later  ^tage. 

0.  Tho  Teiiu. 

The  veins,  in  thw  earlier  stages  of  tJieir  devdopmont,  are 
«lucfljr  cbaracteriseU  b^  lb«ir  large  size,  and  irregular  lacunar 
«haruct«r. 

a.  The  vitelline  veini  are  the  lirst  veins  to  bo  formed  in  liie 
btxly.  Tfaey  appear  as  invgular  Incunai  in  the  meeoblast  of  tlio 
splanclinopleare,  alonfif  theaide^of  tlie  yolk-ninss  and  of  tbv  Urer 
div«rttcultun,  and  unite  in  front  to  form  ihe  sinus  veootraa  or 
moat  pofterior  port  of  ihv  heart ;  tliey  carry  to  the  heart  the 
food  matter  absorbed  from  this  \olk-iiinwi. 

Aboot,  or  eliortly  after,  the  time  of  hatching,  tho  liver  divor- 
ticnluiu  l^eoomes  more  delinitely  Iwiinded,  and  Ibe  vitelline  and 
bvpotic  veins  becotnu  dliitincl  from  one  another ;  later  still,  by 
Ibldinf^  of  the  wall  of  tlie  hepatic  diverticuluni,  the  hepatic  reina 
are  carried  ile^'ply  into  the  substaiice  of  the  lii-i>r  (Figs,  til  and 
70),  aa  already  dcschU-U  ia  tbu  section  dealing  with  llio  devfr- 
loptDvnt  of  iJie  liver  (p.  lol). 

b.  The  sinas  reuosoi  (Fig.  71,  tut)  is  at  tinit  farmt.'Kl  merely 
hy  tilt*  uiiiuii  of  the  vitelline  veins,  but  very  early  becomes  a 
definite  troosverBe  vessel,  running  across  the  body  in  cloev  con- 
tact with  tJie  anterior  wall  of  tli(>  tivfr.  aJid  opeuing  into  the 
soricular  portion  of  the  lieiirt  by  a  large  anterior  a|)erriire, 

0.  Ttw  anterior  cardinal  veini  are  paired,  aitd  rvluni  blood 
ftvm  all  parts  of  tbe  bfiid,  except  the  Uooi-  of  the  mouth.  1-Iaob 
ilbrniPfl  hyihe  unioD,  liehind  tlio  cor,  of  two  pnnoipal  veins: — 
ijttgttl&r  TciB,  which  n>turus  blood  from  the  brain  and  donal 
part  of  tlie  head;  and  tlic^  fiaoial  vein,  which  rutist  more  super- 
ficially alon^  the  side  of  the  hend,  ventral  to  the  eye  and  ear. 

d.  The  posterior  cardinal  Teins  (Fig.  84,  vf)  are  also  paired, 
and  nrv  in  >i)><t.-iu1  rt.-IiiLion  with  the  head  kidneys,  which  they 
ooinpletely  surround.  They  are  of  enormous  iixe  dui-ing  (he 
eariy  stages  of  tadpole  life,  when  the  head  kidneys  are  fnnctioa- 
■Uy  active,  forming  vascular  oetworks  which  occupy  tbe  vpacw 
between  tbo  tubuliis  of  the  head  kidneys.  Kach  jKietei-ior  car- 
dinal rein  receiver  somatic  veina  from  tbe  hinder  part  of  the 
body   wall,  and  niiites,  iu   front,  wiib    tbe  anterior  cardinal 
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v«in,  ftt  the  level  of  the  hinder  border  of  the  |>mc«rdiid  cavity, 
to  fonn  the  CuTierian  vein  (Pig.  71).  I'ho  two  Ciivierinu  veins, 
riglil.  and  left,  run  nhiiost  vertically  downward.-'  to  ojion  into  tin* 
outer  cuds  of  the  sinus  venosus  (Fig.  71).  The  Cariemn  vein* 
persist  a«  tho  niilfiior  veua-  cava;  of  the  frog. 

«.  The  inferior  jogolar  veins  coUcct  the  blood  froui  the  Boor 
of  the  mouth,  iticiudiiig  lln'.  liirgi-  »iiiii.si-s  iibove  thr  sucker  info 
which  the  mandihular  and  hyoidean  veins  ojil'U  (Fig.  76):  they 
then  run  bock  i  ii  the  side  wuUs  of  the  pericardial  cavity,  ami  oppn 
into  the  right  and  left  Cuviorian  veioK  rwijiectively.  just  befbmj 
theso  rracli  the  sinps  vennsns. 

f.  The  poBterior  vena  cava  is  u  large  mrdiun  vtiii  (Fig.  7(1, 
VlJ,  Tf'liioli  dfveldps  shortly  after  llit-  mouth  opening  la  eiiitjw 
blished  ;  it  is  continnous  poet«riarly  with  tht;  hinder  portions  of 
tJie  two  posterior  c-Ardiniil  veins,  which  unite  together ;  and, 
further  forwdnls,  it  mnn  in  a  deep  groove  aloug  the  left  side  of 
tlie  livei-  (l''ig.  71.  VII),  joins  nith  the  hepatic  veins,  tind  then 
opens  iiitu  the  sinus  veiiosus.  The  Wood  from  the  hinder  part 
of  the  iKidy  cnn,  now  return  to  the  heart  cither  along  the  |X>flteriorj 
cardinnl  und  Cuvierinn  veins,  or  else  hy  tlit;  posterior  vpno  earn.' 
In  the  later  stages  of  taclix)!e  life  more  and  more  of  the  blood 
foMows  llie  latter  course,  and  the  anterior  ends  of  the  por'terior 
cardinal  veins  gniduBlIy  <]lnliIli^^l  In  sixe,  un<I  during  the  meta- 
morphosis  disappear  completely. 

g.  The  renal  portal  veuis  are  formed  by  longitudinal  aiiasto-j 
inotic  communications  between  the  tmnevcrse,  or  vertebral,  veiikl' 
of  the  binder  part  of  the  body  ;  tliey  are  joined  posteriorly  by  the 
iliac  veins,  anil  with  llie-^c  fdnii  the  iifTerent  rcii:il  Kyst*ni  of  veins. 

h.  The  anterior  abdominal  vein  is  at  lirsC  p&imd.  and  is  in 
connection,  not  with  the  liver,  but  tho  heart.  The  pair  of  veseeJc'i 
nppear  first  in  the  ventral  body  wall,  extending  backwards  a 
Kliort  dii=taucc  fmm  the  bjuux  vouoaus ;  they  soon  extend  furlh(;r 
backwards,  and  acquire  com raunicat ions  with  the  veins  of  the 
hind  logs  and  of  the  bladder.  At  n  Inter  stage,  tho  two  anterior 
ahtlrmu'nal  veins  unite  at  their  hinder  ends,  in  front  of  the 
bladder,  while  further  forwards  the  vein  of  the  right  side  disap- 
pearBjthe  left  one  alou©  persisting.  Lat^r  fctill,  the  anterior  abdo*  , 
niinal  vein  toH«^H  its  direct  communication  with  the  ^inus  veuosus, 
and  acquires  a  i^ecoudoiy  one  with  the  hepatic  portal  vein»,  or 
nlTerent  veins  of  the  liver. 
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I.  The  poJacsary  velni  {Fig.  70.  vt)  ilcr«1op  rarly,  bat 
not  quilf  t**>  soon  bs  tht>  pulmonnry  srtemst.  They  nppenr, 
alnat  tbe  t)iD«  of  eatablbbDit'Qt  of  the  mouth  opt*niug.  as  a 
BBTl^s  of  invf^alar  lacunar  epncea  along  tlie  iiiiior  or  tDcdiou 
Willi*  of  the  lung*,  nnd  at  iir*t  do  not  roach  the  hwirt.  Vory 
tfaortly  arternurcbi,  they  are  completed  along  their  whuW  length,! 
nliont  the  time  of  formatioa  of  the  iuter-auriculur  septum  in  tie 
heart. 


G.  Tbe  lymphatic  BytUm. 

The  mo«t  striking  point  about  tlic  lymphatic  syrtem  in  the 
tiul[iole  stjij^  in  the  f;i-(Mit  devolopmeiit  of  tits  snbcutaneotts  I 
lymph  Bi)cici«.  lu  tadpoles  of  about  20  ih«i.  U-nptli,  niid  uij- 
wardfl,  these  form  tjocs  of  literally  enormous  bIzc,  tilled  with  a 
oongnUble  Duid,  nnd  almost  complvtely  Kurroiinding  the  sides  I 
sndi*cntral  snTfnc«of  thii>bodyfliid  iwad(rt'.  Figs.  71,  75,  and  88, 
Lr);  in  tlw  living  tailjiole  they  give  rise  to  the  appearance  of  a 
armi-traiieparent  border  anrrounditig  the  head  and  trunk. 

Tlic  early  di;volopnicot  of  tho  lymphatics  appeara  to  take 
(dace  iu  i)m  aaine  nhinner  as  that  of  tbe  blood-vessels ;  tlie 
lymphui.ics  appearing  flret  as  int«rceUutar  locuuar  spaoee,  to 
which  pMptT  walU  are  formed  later  by  the  8ii rmundiog  ttesues. 
Thf  lymph-oellH  u|t|>eai'  rathor  lati*.  aft^r  the  internal  gills 
are  well  <-8tabii&hed  ;  according  to  Maurer,  they  are  derived  from 
th«  hypiiliWt  cells  of  ihv  ivall  of  thu  m«8ent«Tx>ii,  and  wander 

|h    thenc't-  into  tht?  connective  tisstne. 

H        The  ipleen  arifteK  as  a  spherical   bud  on  the  mewnteric ' 
•rtrry ;  it  consists  of  cells  similar  to  those  of  the  lymphatic 
liasm^,  nnd,  Hhe  thesi-.  ix  said  to  be  derived  originally  from  tbe 

I       hypoblajit  O'lls  of  lh>'  mHsenteroii. 

H   I .  Freliminarj  Aooonnt. 

B  11>^  exeretoi^*  orgnsa  of  tite  tadpole  ar?  tbe  head  kidneys,  a 
pair  of  globular  bodies  (Fig.  8;),  kp),  imbedded  in  tlie  doraal 
hody-w&ll,  iiiimedintirly  behind  tliti  pericardial  cnvity,  Kncb 
li«ad  kidney,  or  proUt-phi-a-*,  consists  of  a  conrolntcd  and  complex 
mas*  of  tubulcD,  with  glaudnlar  walls,  opening  into  the  body 


UEVKLOPMKNT  OF  THE  TRTNAKY  AXD 

KF-PltODUCTIVE  ORUA>'S. 


186 


TUB  Fi(m>. 


cavity  by  throe  citinted  mniit1i.-i  or  iiep)iro$rtoiii(!!i;  llie  tii1)uWj 
are  surrounded  by,  or  rather  imbeddeil  in,  tJie  lari»e  posterit 
cardinal  Telns,  and  it  is  from  the  blood  in  theae  veins  tliat  tlw 
excretory  iiinttvrs  aro  Sfp«rat*d.     'ITii-  lyxcretions  are  cftrriedi 
ttway  from   Ihp  head  k-idiieys  by  a  pair  of  tuljcs.  the  scgmeDtal'^ 
ducts,  HJt,  which  ruu  aluiig  th«  dorsal  wall  of  the  lK>dy  to  ita 
hindfrr  end,  where  they  open  into  the  cloaca,  or  hinder  part  of 
the  alimeutary  eanal. 

The  head  kidneys  and  their  duct*  tuv  well  developed  in  the 
tadpole  at  the  iinie  of  hatching;  ihey  huW^juentH'  tnci'eaAe 
coiisidcrubly  iii  size,  and  are  the  sole  excretory  organs  of  the 
tadpole  during  tho  earlier  Rtage^  of  its  existence.  About  the 
time  the  hind  li'g*  appear,  thendutt  kidneys,  or  Wolffian  bodies, 
begin  to  form  in  the  hinder  part  of  the  body,  as  a  spries  of  tnbes 
which  grow  towards,  and  open  into,  the  segmeiital  dncts  (Fig. 
83,  km)  ;  thcuii  ductu  carrj'iog  away  the  excretory  matten 
Hepai-a<>.!tl  liy  btAh  tlir  larval  and  adult  kidneyit.  Tlio  WoUlifui 
bodies  rapidly  increase  in  sixe  and  in  complexity,  especially  at 
their  pusterior  eudf,  and  by  the  time  of  the  metamorpliosia 
(Figs.  85  and  80)  have  iitttiini^d  con^iderahle  diroeni^ions.  Tho 
head  kidtnn's  at  Uic  same  time  tindei^  degenemtive  changes, 
and  gradnally  disuppciu".  while  the  WulBiun  bixlie!!,  growing  atill 
lai)(er,  become  the  kidneys  of  the  frog, 

Tho  genital  daota  are  fonned  in  close  relation  with  the 
st^mcntal  duct»,  vr  ucLuiilly  from  tlie."!-  ducts ;  and  tho  Wolfiiau 
bvditra  become  so  closely  related  to  the  i-ejirod active  orgtui9  in 
both  sexen,  that  it  id  dcsirnble  to  describe  the  development  of 
the  two  systems,  urinary  and  ivproductive,  together. 

2.  The  Head  Kidney  and  Segmental  Duct. 

Thr  seginrnta]  duct  (I'i^,'.  7\>.  ku)  tii-st  appei\rs,  in  embryos 
of  between  Hij  and  I-  mm.  li?iigth,  as  a  longitudinal  ridge  of  tho 
somatoplenric  mc-^r'bl.ir-t,  immediately  below  the  ventral  borders 
of  the  myotonies,  m.s.  This  ridge  lies  immediately  beneath  the 
epiblaxt,  but  le,  ju  the  f[-ug,  dXatinct  from  this  at  all  siag«&  of  its 
development.  It  is  difficult  to  determine  whether  or  not  it  is 
solid  at  ita  first  appearance,  but  it  very  soon  Iwcorues  gnxived 
aluiig  its  inner  surface  (I''ig.  70);  tho  groovt-  coiumunicating 
with  tho  bmly  cavity,  and  tiie  eutii«  ridge  having,  in  transverse 
section,  the  apjiearance  of  a  fold  of  tlie    niewbla^,  with  a 
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li^finixl  vfiilral   or  outer  lip,  anil  n   less  diHtincfc  donal 
indary. 

IntliO  biudor  purt  of  th«  hoiiy  the  lips  of  the  gi-oove  meet, 
K)  w  to  form  a  tnln-,  lying  between  (he  niesoLlaat  and  the  epi- 
bUft;  and  this  tub»  is  the  se^pneiital  duct.  At  ilic  niiU'rior  ond, 
the  lipe  remain  fi«purst«  lor  »  time,  no  thnt  thi>  duct,  njvenii  iti 
fWmt  into  the  body  cavity  by  a  longitudinal  sUt-Uke  iiiuuth. 
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no.  St-TrniKi-rMt  N'Hioii  iliToiiffli  Ilia  body  of  a  TwlpolB  nl  tb*  lime  of 
hUchisfr :  the  »Mtir>ii  [Muwliig  tbreuxh  tho  neond  pur  ot  iicphfwtoniei. 
UHlthe  third  pair  of  iDjotoiM*.     n  MX 

A.  iinl*  O.  «i^D.  «r  ladjr  tttHr.  OH.  cutartorlL  CJ.  •olin»Iii^H«UI  n>l, 
H§,  fimiitmim.  SF>  MouaiM  Ami.  KBi  (ctinul  •■tibr'MMiw  *(  Icfl  •Ut. 
DL  (MBHWlJnvW  Ikjiir  o(  monUiut.  MB.  f(4>iwIiiio)ilr(»te  lanr  uf  umDlibM. 
Um  ■MTHiiWfc  WIm  IMnnl  lliw  Inarh  '4  |iixaBBiiw<rt»  umtt.  KB.  •(4nsl  nint. 
'    iMwtlnd  mjonirf  ■■■■muii.    TOi  |nn*li«  *Br4liMl  (dn.    TKhihUo  nln. 

w,  Mnr  dl*i«ilnliidi. 

Br  meeting  uf  the  Ujm  at  two  places  tliiii  slit  be^siraefi  divided 
luto  three  openingB  or  uepliroslome*,  lying  oue  beliiiid  aiiotlier, 
nt»J  iinmediatoly  bulow  the  TentnJ  edges  of  the  nccond,  third, 
Mill  rourth  iDYutoniM  respectiTely  (cf.  Fig».  7i  and  S'2). 

The  anterior  end  of  the  duct,  ami  especially  tht«  port  l>?twt*ii 
tlie  srrconil  and  third  jiephrostoinea.  now  increasee  rapidly  in 
let^h,  lieooining  twisted  on  itself;  and  at  the  anniP  ttin« 
th(^  iu>|)fanM«totries  beoomi!  drawn  out  into  short  lubes.     At  its 
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Iiinder  eiul  tht?  duct  grows  li&clEwikrds,  and,  shortly-  befjii-  tlio 
liHtcliiiig  cr  tlip  tadpole,  acquires  an  oponinf;  into  thp  ctoacn. 

Ilie  coiuUtiuii  at  Ihc^  liinu  of  liatcliing  m  eliuvrn  in  Vigf.  71 
aiiil  82.  'Pile  heail  kuliiey,  ki',  in  a  »ligli(ly  convoluted  tube, 
opfriihift  into  till'  iKxly  cavity  by  the  tJirtftf  lu-pliivigloiiK?*,  Ks;  of 
which  the  untt^riur  oii»  is  at  a  lere]  slightly  vriitrn.1  tu  tiuit  of 
thi*  otiier  two.  OpfiiMito  tliu  nvphrostomee,  and  pmject lii^  iitio 
the  dilated  dorfal  {lortion  of  the  body  cavity,  is  the  glomiTulup 
(Fig.  8^,  (ill),  a  sacculated  diverticuluin  of  the  aorta,  the  dpveloi>- 
ment  oi'  which  has  been  described  above.  Beliiod  tW  D'-phro- 
8toiii<-i<.  iht*  ^fjj;iiii*iitiil  duct  Is  coni iiiUL'd  huck^vnixl.s  in  auahiiu6t 
Htr&ight  course  to  lUe  hinder  end  uf  the  boJy,  where  it  opens 
into  the  cloaca  (l-'ig.  74.  ka).  ^H 

Afler  Ihc-  tadpole  iiria  hatched,  the  hvnil  liidiiey  it>cr<ViiM^^H 
coiisiderabty  in  size  (Fips.  7(>,  83,  and  81).  The  tubules  of  which 
it  consists  hecuiiif  niuifl  markedly  foiivoluted ;  and  further 
complication  is  caused  by  tJie  forraatioii  of  lateral  diverticula,  of 
which  tliert'  arc  thrw  principal  ono«,  direct«d  outwaKls,  luitl 
themselves  braiiclieil.  The  three  neplirostjomial  openings  iiersiat ; 
their  walU  an  f>>niied  uf  i>if(iut-iited  cells,  bearing  long  tbgella, 
directed  tuwardB.  The  head  kidney  reaches  it«  full  develop- 
uieiit  in  tadpolfs  of  nbout  12  mm.  length  (Figs.  8"J  and  84). 
n'hen  it  is  iilmust  spherical  in  shape,  and  formed  of  an  intri- 
cnti-ly  coiled  nuiss  of  tubes,  imbedded  in  tho  greatly  dilated 
anterior  cardinal  siim?,  vt. 

In  tndiiole^  of  about  20  nuu.  length,  the  h««d  kidneyi 
commence  to  degeuemte.  Ilio  lirat  sl^p  in  titu  proeoes  oonsiatc 
in  irregular  dibitation  of  the  tubuloji,  more  eqiecially  i.f  the 
blind  lateral  diverticula.  Tliii*  dilatation  may  lie  so  gn^t  that 
a  single  tubule  may  nonrly  equal  in  diameter  tJiti  entore  head 
kidney  of  the  earlier  stages ;  bat  m  th^  dilatation  of  sunw 
tubules  i.s  accompanied  In*  compression  of  otlwra,  tlie  'ixe  of  tin* 
head  kidney  nit  a  wbolu  remaina  pmcttcnlly  unalteret). 

lliift  im-giilar   dilitliitiuti   ix  lurcoinpanird   by,  aiid   |i<-rlin|W 
due  to.  partial  or  coniplel^  ob-fmr  t7..ii  /  r  ii...  '...r-tniiiinl  ilnci 

behind  the  bead  kiilnpy.    'ITie 
soon  showK  dcgeui-nvM 
out  inan  iin'gularmoii 
tent.*)  cloudy,  and  tlie  < ' 
thi»  timi;  degi'urr  ' 
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diniinitihes  iiisis<>.  In  lU  mm.  tidpoleti  (i^g;.  85)  the  h^sui  l:i<liu\v» 
art>  Ititstliaii  bklftlieir  ft>riiifi-8iz«>,uml  tlu-  Itibules  ai-e  cuni{)It^t^l y 
collap3€^l.     ny  tlie  time  of  the  metainurjilioais,  lii^  licftil  kidneys 


FlK.  83.-'Dia§jaraiiisUc  fifi:ur«>'f  n  IS  iura.1^pole.dI)flecicclfnMii  (!il<  vquIiuI 
snrrnor.  to  iliaw  the  hcorr  nriit  bnuiclitnl  i-cmcb.  ind  the  lieai]  kklseya  and 
«ocnuicncinK  WQininr  bcHlics  The  nlimpntiuv  ninal,  rrom  tile  (Biapagai 
lo  lfa«  rocliim,  hrw  iHtnn  rnmovci!,     v22. 

A.  Ufta.    A7.1.  AF-3.  nSrwui   ImwlilO  vohIi  as  nm  uiJ  tlilnl  limnnlilnl 

■rvhH.    All.  Iliitnul  Rrirr^'.    CO.  ■inflation  nt  ilii'  biucDf  tlm  Iimriul  iuihf)-.    PIA. 

nMlomiltndnn  1'rl^n«n  II.Kr  alhiviiE  >iii1  cffi'n'iii  an^'lu  „(  iLn-  flr>t  bnur'lilnl  uuli.  Ijy 

rjiirUMr (lUbmlira  <il  M-Ii1i-)i  Uw  iMnitlU  /^tml  M-i;l  !>r 'nrrun).    EiF.1,  EIF.3. * ITtnnt 

rfimwiilid  TMwl' »)  nm  oiiil  ihtnl  hmiii^liliiJ  arclio.    OU,  i.-liiii"  nil"]^    K&.  H'liui^iilJiil 

iUkW    KIC  VTuimnu  IuM».    KP.  Imi'1  IDiliivy.    KB.l.ar^l  ii>-|i)>nii(-iiiiF.    SB-9, 

K7.&mi<?iii«iift«rko*uik    aV.  VFiitrlolt.   'PC,  otnuii^A.    90<  cBwt^'''^"*^    T3t-  uijerlurc 
111  reMal  iji-oi. 

Ii[i\'<^  slmotit  dUap]?eaii>tl  (Figs.  86  anil  8ti),  a  few  jjigiiu-iiti'd  and 
Klightly  twistetl  tubulpn  alone  romaiQiug. 

All  tliree  nephrostomy  ilUappear;  tJie  (interior  oiie  is  the 
lirst  to  cloi!C,  bud  tlie  iniddle  ooe  soon  Tullows ;  thi-^  tliinl  or  most 
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posterior  ood  persists  for  a  eliort  time  loiig»r,  An*!  tben  in  it:* 
torn  cloees,  loncs  its  connt^ction  witli  Hats  peritoneum,  aitd 
dUappenrii.  Sliortly  before  the  closure  of  thu  tliird  tiephnjstome, 
tht;  lic^utl  kidney  tsep&mte.'s  coiiiplelely  from  tUe  segmental  ducr, 
which  tlien  ends  blindly  in  front. 

Till.-  gloin«ruItt8  of  the  head  kidney  (TigB.  83, 81,  OM)  arises,  as 
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FlO. St.— TT&DHVt-ree  ."ei^iioii  nctaw  k  12  mui.  Txlpola;  Ibo  fectltm 
llm)iij;li  tbe  middli?  of  the  Jeij;;lii  u(  ilie  hi^iul  kidney.      it44. 

A.  Wirta.  AP.  ImltiMliurT  i>ii<t>,  BB.  I"'-Iii'U  -itJunilBM.  CH.  iiiliil— il 
OI.  pnm<m  al  >  ultt.  OM.  jlomxmli^-.  KP.  t^ilnar  nf  lir*l  kJiliu't.  KS.  ^w' 
lu|<hnMUUB«.  liA.  niUinirik'luf  !»ri-  kini'.  liO.  ('•'l  •■!  I>ii>ir>.  NC.  •( lupadMir 
majlU'Mk  OP.  oiemilBi  oitici  TL  ititi-ctriLi-.  TO.  >n*i|>i«;{u>,  V.A.  ' 
vwtrld*.  VCi  vmtttior  eariliiuil  'iHti,  VH-  !»-irrl»r  i-riu  eam.  VT.  IxiliL 
Mil.   W.  llTvr.   3C.  iB'iltUan  ul  .i.!!..!  iivm<-.    X'>  tluii  •uuinl  Sninli  imirKild. 


described  above  (p.  182),  aa  a  sacculated  uulgrt>%vth  ftum  the 
ventr&l  and  outer  wall  of  thi>  nortA,  bul^ng  outwards  into 
tile  body  cjivity  Dpiwsiti;  the  nephroslomps.  At  the  time  of 
Lutcliiog  ut  tlio  tddpok-  (Fig.  82)  th.-  dorsal  portion  of  the  body 
cavity  is  practically  the  only  part  present ;  for  although  ihv 
splitting  of  thp  mesobiiu^t  extends  down  the  ndes  of  the  body  to 
the  vuntru!  surface,  vet  the  tvm  layi-n^  soniiitic  and  eplancJuiic, 
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tar  in  cnnttict  witli  each  otbvr,  owiii^  Ut  tht>  distptision  of  th? 
body  l»y  till*  ma.^  of  food-yolk,  except  at  tlie  upper  or  dorMil 
nof^le.  The  glotni-ruloi^,  t iKTofotr,  npjicari;  nt  tlite  ttAgp  to  lie 
iu  A  »p«n»l  rnvity,  which  UtPi-  on  a])eas  into  the  (fcjioral  l)Otly 
cavity,  v  tUa  jollc  becomej?  abeoi-l)cd  and  the  ahdoiniiial  visctra 
acquire'  more  di-tinile  funn. 

At  a  Ifttor  iiUgo  still,  tlie  part  of  the  body  ciivtty  in  which 
tho  glotneml UK  lii'ti  t*ecoiiieH  |ULrtiuIly  boxed  in,  by  fasioii  of 
thr  outer  wall  of  the  lung  nitU  the  peritoDeal  covering  of  ttic 
farad  kidopy  (<■/.  Fig.  ti4).  'llus  inclosorw  is  ouly  an  inconipli.>t« 
one,  as  thf>  part  of  th?  rocloin  lodging  Uie  glomerulus  still  opens 
intolhr  gi'nrral  body  cavity,  buth  in  front  of  the  root  of  the  lung 
and  bi-liiQi]  tbiD. 

1*lit?  jMiaition  of  tbu  glonuTuliis,  opposite  the  nephn^totiioit 
of  tbi*  bMd  kidney,  and  tlie  fact  tliat  its  deT«lo|)tiitfQt,  both 
progrepsire  and  rctrogrc&sire,  kcv|)«  pocc  with  that  of  the  head 
ktdney,  point  to  tl»c  existeuci^  of  sonn.-  close  physiological 
BM'tioii  between  lb«  two  oigans,  tltough  it  if  Doten«yto 
imagiiK^  of  uhul  precis  naturt-  thin  connection  can  be. 

The  glomerulus,  with  (he  [Mirl  of  tho  body  cavitv  iit  widch  it 
lire,  may  bo  compRivd  to  one  of  Uie  Malpigliian  bodies  of  the 
Inlt  kidni-y ;  Ihr  glonieniliis  itself  corrt-Mpfinding  to  the 
ipillnry  knot  of  veaaels;  the  localieod  part  of  th**  nt'lom  in 
which  it  Iie«  coiresponding  to  the  capsule  of  the  Malpighian 
ly  ;  and  tin*  m-plii-ur'lotiiial  tube  leading  fixnn  tlie  radom 
Qswcriii;;  to  the  iiwk  of  the  Malpiglilau  body. 

3.  Tlw  Wolffian  Body. 

The  ile\'elopn>ent  of  the  Wolffian  body,  or  kidm-y,  ctiuimencuB 
in  tadpoles  of  nliout  10  Ut  IS  didi.  length,  by  the  fonaation  of 
Ltbo  WclRiaii  lubnlra  (Hg.  83,  km).  Tliesf  appear  aeseeriaa 
ofBinall,  iniired  uiiSMa  of  m^eoblast  cells,  lying  along  tho  inner 
ndea  uf  tlie  Bvgineiital  dnct*.  between  these  and  the  aorta.  Tbe 
Wolffian  tiibnIi'K  di'vohip  fixnn  Whiiid  fi>rwni\lg;  tho  hindmost, 
and  at  firet  tin-  Urgest  jair,  being  a  abort  distance  in  front  of 
the  cloBcn,  and  the  most  anterior  pair  being  about  thrvceegmcnta 
Miindthe  head  kidneys.  TheyareatSi^tsegmtutally arranged, 
one  pair  oorre^ix>ndiiig  lu  i-ach  pair  of  muscle  segmenla  or 
myotomes;  bat  lliia  definite  arraDgemeut  is  early  li«t  in  llie 
hinder  n-giun. 
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The  WolfQan  tnbules  are.  At  first',  solid  masses  of  8])tierical 
colli) ;  tlie*^  arixe  in  th«  rnvKoblaet  of  t]i«  body  w&ll,  ani  ore  for  J 
a  time  in(!<!]ieiident  of  both  tbe  nepitoneiim  and  tJie  oc-gmetital 
ducts.  Tiie  cellular  niasges  soon  liecouie  elongated  into  solid 
rods  I  by  separation  of  the  vouiponcnt  cells  along  thi'ir  axve,  tlie 
rods  bi-coiiie  f.ulw's;  jitid  tbt*ae  tubes,  growing  (Outwards  nn<\ 
towai'dti  Uii>  dui-sal  eDrfncc,  meet  wirb  tbe  gegnicnlai  ducts  aud 
open  into  tlieee. 

At  tliOi  opiiositc  i^ml  of  i.-ntO)  hibiilc,  A  Mnlpijf!ii«ii  Iwdy  is 
formed,  the  end  of  the  tnbtile  beinn  dilated  into  a  bulb-lik« 
etdai'gemeiit.  which  Ifecomes  doubled  up.  to  foiin  the  Maljiighiati 
capsule,  bv  tlif  iiigi-owth  of  a  knot  of  bloo<l-vcs8«l«  di^rtvcrd  frotn 
a  brntich  of  the  dorsal  aortji  (rf.  Fig.  87,  a). 

From  Hie  neck,  or  jwirt  of  the  tubule  inmediately  Itej'tmd 
the  Malpigliiaii  body,  a  short  solid  vo<.\  of  epithelial  cells  orii^e^, 
which  grows  towards  th^^  perltom-uin  and  f\it,ee  with  this.  By 
separation  of  tliti  celU  the  rod  b{>comeit  tubular,  and  ogienR  at  it« 
outer  ur  peritoneal  end  into  tJie  body  cavity,  I'he  ]H-ritoiieal 
opening  is  a  nophrostoniL-  (Fig.  87,  ks),  and  the  tube  into  wliicti 
it  leads  may  be  called  the  iiephrotttomlnl  tdbnle. 

Although  the  walls  of  the  uephrustotuitd  tubulos  are  at  first 
coDtiiiiious  with  the  necks  of  the  ^laljtighiiui  bodies,  it  is  veiy 
doubtful  whetlier  the  nephroBtomial  tubules  ever  open  into 
the  AVolffian  tubules;  and,  shortly  uilt-r  thi-ir  Gr.st  appearance, 
in  tudi)o1e!<  of  IS  to  20  mm.  length,  ibe  ni'pbroittominl  tubules 
break  away  completely  from  the  Wolffian  tubules,  aud  acKjuire 
openings  at  their  iiuier  ends  into  the  renal  veins,  on  the  venti-al 
»urfacL'oftbi.'kiduey.  This curiouaarroiigeuieutiwrsista through- 
out life.  On  tlie  ventral  eurface  of  the  kidney  of  an  a(biU  frog 
thei'e  are  an  many  as  two  hundi-ed  or  more  of  these  nephrustotnee 
pnisent,  as  fnnnd-Iike  depressions  or  mouths  :  these  lead  into 
tilioi'L  tiibe^,  lined  by  flagellated  epithelial  cells,  and  running 
obliquely  inwards  into  the  Bubatance  of  the  kidney,  where  they 
end  by  openinj^  into  the  renal  veins. 

'I'he  unft-rlor  thr^^e  or  four  pairs  of  Wolfliaii  titbnle«  uerer 
complete  their  development,  bnt  early  undergo  fetty  degt-ners- 
1ion.  The  hinder  tubules  are  at  first  segmeutally  arranged,  bnt, 
owiug  to  the  formation  of  new  tubules,  eoon  become  much 
more  nuiner(nu>  tlnm  tJie  segmenta  in  which  they  lie.  Tlivy  in- 
crease greatly  ill  length,  become  markedly  convoluted,  and  soon 
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beooinv  imMn]  t(>if»tli(.>r,  wit^  llv  hVxVI-vi-Mi'U  in  rvUtioi)  with 
timi,  to  fonn  (h<-  definite  Wi.||{i:iti  lioilif!)  or  ktdnejH  (Fig».  85, 
86,  uid  87,  KM). 

i.  Th«  WoUDan  Ducta  or  Ureters. 

The  wf^iietital  4uct  is  at  6r8t  tltc  duct  for  tlie  hvud  kiilney 
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flo.  BS.~Jt  tu  nm.  Tulpol*.  JImwIw)  trom  tbo  «««tral  -oriae*  to  «bow  tlio 
Immt.  iI'V  brancMnl  f««el«,  Bail  ilw  urltMry  and  ToproducUiv  urgiui>.  Tbe 
UU.  nixl  tbe  nUmcnUry  canal,  from  iIh:  a:»opliBKU  «>  tbc  rvctam,  1mt« 
IhcB  iVBored.      1 1. 

fid.  H— ATailHirnv,r,  •luTinKll>eDK(wiion)iiMU.dlaeoled  troiu  llioTriilnil 
nir&oo  hi  iltow  tL<i  nrliuuT'  ami  repradnirliTa  orgvu.  Tbe  aUmcDtuj- 
Msal  liM  boon  Knmod.     x8|. 

llJ«HtuufT.  CO.  cwmU  ckml.  ZPX  Xr4.  •••*«»  tanli  of  Int  Bul  (ixiMli 
iMMhU  MVkM.  r.  M  tetr-  GH- ftnaalia-  KA.  mibmiW  <tDB«.  EK- 
WiMtai  tniv.  KP,  f^  tblBH.   Ktr.  Wdnu  *Nt  «r  «m».   LA.  !■«•  ttuib, 

XlLapp«l><>-  WiUntUli.  I>.  liLnl  llnilL  O.  DUMh-  0&BMllMrU(i,  BT. 
miww  «rtM*">>«.    BV.  twartrtfc    TC  =!■■">.    TO,  iiMrJ'Vju*    TB,  «|»rtw«  <* 


■locie(Fig.  71,  ka);  in  ll><>  later  stages  (Figs.  83  and  85),  it 
Tor  botli  tUi*  lieail  ktduoy  oikI  the  Wolffiau  body. 
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IliirinfT  the  mptamorplHisis.  and  shortly  before  tho  comi>Iete 
iliaai»pciiraiice  of  tbe  tail,  the  ln-ad  kidney  sepamt^a  fi-oia  the 
itegiiiental  duct.  For  n  s)iort  time,  a  portion  of  the  aegmental 
(Inct  Btill  persists  in  front  of  the  Wulflinn  Ixxly  ;  but  this  j^oon 
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Fia  8?. — 1Vaii8v«r«(>  »«i;tton  tlnvnuh  tbe  lilndnr  part  nf  ilin  Ivnd;  of  a  Tailed 
IVoft  iluriu^  tiM  niotaiiiorphoaU  (^.  Vlg.  !S6).  Oa  ilic  right  ildo  a  «|iin«l 
wrrva  U  ihnnii.  an  ihc  loft  *ide  th«  votobntl  oaliuon.      k  [T. 

A.  vTU.    CH.  iioinolwnl.   7,  hil  lAty.   I(X«u>nuw  nt  Ttftd-n.   IK  wnnl 
nrt^fi  cif  \i-Ft<4ini.    KA.  WuLfflui  iltirL    KB.  uplmBUaac-    KT.  WulJIUu  luirly.     X^Oi 

■^rl.    IfTD.  'IrpTinl  '1-inr  nf  npln^  (i<r^«.     TflT.  «pliuJ  awv^  ddhIh  iniiik,    N  V.  n«iimi  , 
rrw.r.nf  *|.JiiiiJ  ■;*.«-*-    NTT, Byintnihrtic  lutrf  irwitfUmi.    OV.'-^'*'"!-     PA.  |-iicn»* 

8W,  i[»U**ll-      Tl.  ilJt*'>tilLI'.       VA.  ItmTl^'f  ILl>]fQIj{lul  Vtlll.      VI-  ["-"I^FIvT    Tffii  tmtWL 

VO.lu'l*"'-' (■"■'"I  >f'"-    VH.  twiol  r«irl»l  Tc((i.    W.Ufrr.    WD.ii'lr  iici-    WO, 


loeeeita  lumen,  undersea  degenerative  ch«ngee,  and  disappears  : 
the  ivmniuing.  or  [jostcrior  purl  of  the  Bcgmental  duct,  which  is 
now  cimnocted  with  the  AVolffiim  liody  alone,  is  from  thin  time 
iipoken  of  as  thi*  Wolffian  duct  t»r  ureter. 

'Hie  vesicnla  Bemiaalia  is  a  glandular  body  developed  in  con- 
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Tirctioii  witti  tl)e  hinder  eiiil  nf  thi-  Wolffian  iliict,  clo!<e  to  thn 
ctoocn.  It  attuiiis  n  Ini-gr  ttut-  in  thv  ■iiiili:'  frog,  but  is  alj^ent  or 
ruilimctilary  in  (he  feiimle. 
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Kid.  M— TnuMVeneawilAn  Ihron^^i  ihcimtcriot  |*n'jMtiebwljrof  n  TAild 
Knitc  dmiMg  Uie  meUuiuqilians  (</.  Piir.  SB).  TlieaceiioafiiusostbTongh 
Um  tacond  •dIimI  avrrvon  th«HKlKdiU.w:iiloalholottaHiaimin«(lUt*ly 
in  front  ol  Ul*  iwrvo.     x  H. 
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•'».  The  HttUertJui  DnoU. 

Tliv  ^Illllman  duptJ  tbt-m  tti«  onilucts  of  tlie  femtle  frog; 
thty  aro  prr<^nt  in  tho  male  iw  well,  bat  ow  of  very  smalt  Bix4>, 
nnc!  nppnn^nt.ly  nf  no  functional  iin|iortaiicp.  Tlie  rarly  stng(>R  in 
tbe  development  of  the  iliillt-nan  ducta  an*  difficult  to  iuve^i- 
gnt«,  and  liavi'not  vet  been  dpUTinineJ  with  abnilnte  certainty; 
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)>tit  tlieii*  i^  no  i1ou1>t  tliat  tlie  greater  [>ait  or  t}if  length,  Mtd 
|it*rliapH  t)K>  wliok*.  or  tlio  duct  ni-isos  iiiik-iieiiilfittly  of  the 
Wolfiiaii  duct;  and  ait])arrntljr  fpom  a  nimlifietl  striji  of  peritth- 
ni*al  Kpitlielimii  wliicli  rmis  |»aral!el  t<i  ilie  Wolffian  duct,  along 
it:!  outer  nidi?. 

Towanis  tlie  close  ot  tlie  metninorpliosis,  and  during  the 
aljsoriition  uf  the  tnil.  n  pntcli  of  miHlifiml  [leritoneal  epitlielintn 
nppwii's  un  till*  vftiitpal  surface  of  the  now  rapidly  disappenring 
Ill-ad  kidrii'^,  below  and  to  tho  outer  gide  of  the  nephrostome*. 
of  which,  as  a  nik-,  only  one  pei-sists  at  this  stage  (Fig.  Stj,  Yls). 
This  jmtrh  ofepitln-Iiam  difTi-ra  tVuiri  tin-  gcDcml  peritoneal  epi- 
tholiam  in  its  cdU  bt^iiig  nnlinnnnr  iniiitead  of  squatncius  in  shape. 
A  longitudinal  jficuvL*  forriia  on  the  surtoce  of  this  patch  of 
coluranar  epitliflium,  to  ihf  outer  Bide  of  the  nephrostome ;  nud, 
by  fusion  of  its  lips,  the  groove  beooinos  n  tubt"*,  oppnitifi  in  front 
into  th(i  lindy  cavity,  and  ending  hlincUy  behind.  This  tube 
i.i  tile  lii:st  fontied  purt  of  the  irilllerian  duct ;  it  lies  ven-  close 
to  the  anterior  end  of  the  segmental  duct,  but  it  is  not  clear 
that  tJiere  in  nny  connection  between  the  two :  it  is  qnile  iii- 
depuiiJent  of  the  iiephroetouic,  wbicli  clodt's  up  and  disappears- 
very  tdiortly  after  tliis  stage. 

The  Mllllorinn  duct  extends  forwards,  m  an  open  groovi*.  sonn> 
distance  in  fnmt  of  the  point  at  which  the  duct  i»  first  formed  ; 
and,  by  closiin?  of  the  lips  of  the  groove  from  behhid  torwarils, 
the  month  of  the  duet  is  carried  forwards,  outwards,  and  dowii- 
wards,  round  the  anterior  end  of  the  Iwdy  cavity,  to  its  adult 
position  at  the  root  of  the  lung. 

The  gfrowtb  backwards  of  the  MUllemn  duet  is  effected  by 
a  loDgitudinnl  band  of  cells,  which  appenrti  a  little  to  the  outer 
side  of  the  Wolffian  duct,  but  quite  iiidei*eudvnt  of  this,  and 
appftpenlly  derived  directly  from  the  peritoneal  epithelium.  This 
band,  which  is  continuous  with  the  hinder  end  of  the  Mlltlcriaii 
duct,  ultimately  becomes  tnbtdar,  and  acquirer  posteriorly  on 
iiidepeadeut  opening  into  the  cltvicn. 

In  the  male  frog  the  Allllleriaii  duct  etopii  at  this  stage. 
In  tliB  female  it  undergoes  forther  changes  by  which  it.  become* 
c<;mverted  iiit<>  the  oviduct.  It  iticn-asi-s  in  length,  becoming' 
sinoous,  and  ultimately  coneoluted  along  the  greater  jKirt  of  ila 
leugtli ;  itR  \ra\h  thicken  greatly,  and  the  epithelium  lining  tbem 
gives  riso  to  the  geUtiiiooa  oecretkn  which  is  poured  out  over  the- 
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«ggs  OS  tlioy  pn^s  ilon'n  tlie  lUict.  aikI  w-htch,  on  i>-adiiii^  th*« 
water,  swpUh  up  to  Conn  the  mass  of  ihe  fVogn  spawn.  TIh> 
hinder  end  of  the  oviduct  renutina  Uiiii-wolIeO.  but  dilates  very 
gr«Uly.  fumiing  n  capacious  aac  in  n'liich  tiie  eggs  ncciimiilatd 
More  tietiif;  hid. 

6.  Tbe  Beprodactive  Organs. 

Thi*  dpvolopnieiit  of  the  ppproihicrive  or^puifl  has  nlrvady 
been  deKribed  (p.  1)4),  hut  n  few  fuilher  detaiU  may  lif  given 
hi-iT,  morr  especially  with  ivgard  to  tbo  i-cUtioii  between  the 
n-pf^xluctivA  organs  nmt  thi;  Wulffinii  bodies,  and  the  tk-vplop- 
meut  of  tb«  fat  bodied,  or  corpora  adiposa. 

'riie  repnulnclive  orgwiB apix-ar  in  tndpoles  of  aljuut  10  inm. 
Iirngth,  ns  n  pair  uf  i-idgivliko  fotda  of  thi*  pi-i-itoiieum,  l,vitiK 
along  the  inner  burders  of  the  Wolffian  iHxlie^,  cIoh«  to  tliP  root 
ofUtP  m«enierj'  (l-'ig.  85.  on,  and  87.  ov).  Tlu-n-:  p-nital  folds 
aoon  becomp  more  conEpicuou!'.  and  undt'i-go  chaiigi-s  which  linvi* 
alnwly  boen  described  in  detail,  by  which  ih^  jfcmiinal  ce)U 
©r  ^ouobl.-i3t«  an»  fnniicd. 

As  tlie  ilnipigliiuii  Ijodies  develop  on  the  tubuU-s  of  the 
WolfRan  body,  thoae  lying  ni*an>«t  to  ibo  gpiiital  ridge  give  off 
hollow  tubular  divonicula.  which,  arising  fmin  ilie  capsolm  uf 
tlie  Mfdpighian  bodic«,  grow  towanls  ihr  median  plane,  and 
inio  the  Bubsrnnw  of  the  genital  ridge  (ff.  Fig.  B7),  whei'e  tbey 
form  the  ^o-call«d  tobuUferoai  tiaBn». 

St)  fur,  the  prrjcr.-.scs  uf  dt-volopment  are  ihc  Mine  in  boih 
•V3K«,  but  from  ibis  point  difli^rtfrM;^^  oocar.  In  tlu'  ovary  of 
the  female  the  tiibutes  of  the  tubultferoua  tiBBu**  exiutiid  vfrj- 
grestly,  and  give  ri«e  to  the  largie  axial  cavities  irf  ihe  ovaiy. 
of  which  tbirre  are  usually  about  tifti-<-n  in  the  adult. 

Ill  the  male,  llio  otitgniwth.s  from  the  llAljiigliiait  (-a[)atili-H 
acquire  milt  moroiiiiiniat*  i-ehiiiuni*  with  the  nrpjududiveorgaiis 
lliuii  in  lite  female,  and  become  the  vattt  cRvmitia  of  the  aduK, 
wliicli  punvey  the  gpt-nnulozoa  from  the  ti'ttliM  to  the  kidni'V. 
The  Mnlpighian  InmHcs  with  winch  tho  vasa  eSbmntiaare  C(mi- 
ncrfcd  are  at  first  perfectly  itonnal ;  but  hirer  on  tliey  iindei-{,'o 
relrogi-esaive  changes,  and  by  the  end  of  the  finrt  year  (heir 
gloinenili  have  dt^ppsared.  and  the  Malpighian  bodiM  them- 
»1tm  merely  remain  as  slight  ampulliform  enlargsmmtc  of  tbfi 
tubulec,  which  have  now  completely  \<xt  their  kidney  fiructore 
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Dii(]  functluii.  The  ttibulcsof  rhesc  Mnljii^biiui  tiodifd  do  nut 
join  those  of  llie  olber  pai-U  of  the  kidney,  but  open  at  odcb 
into  tlio  lerminRl  op  rollpctiiig  tiiUnlwi  oi'  tW  Wolffian  Iwly,  *o 
tliat  tlii-iiTtis  proclimllyik  E^liAriniRjiurnliuii  of  the  kuliiey  Iiiro  two 
|)ortiotif',  excretory  antl  tciiroducl i\'f  ivsppctively. 

7.  The  Fat  Bodies. 

Thu  fut  bodies,  whicli  arc  couiipicuuu^  aud  cliamcteristic 
structures  in  the  adnlt  fi'ojj:.  ai-e  formed  by  fatty  dpgeti  prat  ion  of 
the  BBtprior  ends  of  the  gfi>nital  ridpi-s.  In  tadpoles  of  aboat 
40  mm.  length  (ri^;.  ti'i)  each  geiiilul  viH'^-  become  dividtrd  by 
a  flight  coDstricbioQ  ittto  two  partM  of  aliuut  equal  leoglli.  Of 
these,  the  posterior  part,  uu,  forms  tho  smooth  gonittti  ridge; 
wLilo  ihv.  anterior  pavf,  F,  Is  irrej^ulnrly  notchud  along  its 
ventral  surface,  and  is  alrwiily  commenciiijf  to  undergo  fatty 
dt-geociation.  In  the  later  stages^  (Fig.  86,  i')  tlu;  liit  bodi« 
iacrense  greatly  in  aiae.  and  are  pixxluced  at  their  margins  into 
the  chtti-actwn'stic  finger-liUc  IoIwb  of  the  udiilt. 

Hihtologically.  the-  changes  by  which  the  fat  bf>dy  is  forratid 
sre-  doe  to  the  accumalatiuu  of  fat  vvitliin  cells,  which  are  at 
Krxt  indi&ting'uishable  fnjm  thof^e  of  the  hinder,  or  ivprodiicti\f, 
part,  of  tlie  ^eiiitnl  riilg«. 
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I.  The  Vertebral  Colonuj. 

The  earliest  etkelorai  structure,  ami  for  a  time  the  only  oiie, 
is  the  iiotochord,  thi.*  devciopirPiit  of  which,  from  th*  mid-dorsal 
Wat]  of  the  mesi*iitet\'tn,  has  alri\idy  be^n  df»;ribed  (p.  I  OS). 

The  iiotocburd  (I'lg.  CI,  en)  is  n  cyliudrifal  rod,  exfendiug 
from  the  bl&fitj->pore  to  tlie  ]>it(iitm-v  ]}o3\  ;  and  growliijr  back- 
wards along  iJif  tail  as  this  is  formctd  (Hg.  CO,  ch).  It  coiuistv 
of  vacuolated  cellB,  filled  with  fluid  :  the  evils  are  all  alike,  and 
their  nuclei,  which  at  lirst  are  conspicuous,  disa^jiear  in  the 
Inter  Kt(ig<^'«.  Around  the  notochord  a  delicate  strnctnreleHi 
eUatio  sheath  Is  formed  at  an  early  |»eriod ;  ti\h  is  really 
double,  ooiLsistlug  of  a  thicker  inner,  ami  an  miter  thinner  layer ; 
both  tayera  are  homogeneous,  and  cutieulni-  in  nature. 

About  the  time  of  appenrauoe  of  (ht?  hind  limbs  as  buds,  a 
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deliutte  akel«tal  tube,  nt  first  »oH,  bat  soon  beccuiiog  caililaffi' 
nous,  is  formcil  from  tJio  mtwoblji»t  snrTDnilding  tito  Dgtocbortl 
(Fig.  S-l,  cu).  ThiA  gmw-i  apwiirdi!  nt  rhe  sides  ol'  the  spin*! 
oont  Ad  n  pair  of  longiltKliuui  ridjjfs,  with  which  n  Herie;*  of 
CMtilA^nons  nrcbec,  wbicb  appenred  at  tlip  sides  of  die  spinal 
eaeA  at  n  alightty  oftrlti>r  ktago,  «oon  beoome  oontinuoiis  (t'igs. 
87.  IJ8). 

Bv  the  appt-aruac«  of  transverse  lines  of  dKttiarciuion,  this 
axial  skeleton  becomes  cut  up  into  a  serieii  oC  nine  v^rtebne, 
foUovMi  by  a  posterior  un&o^iontcd  portion,  which  lat«r  oti 
gives  rise  to  the  nroetTlt*.  The  vcrtebrsc  are  cut  off'  in  order, 
from  lo'ftin;  ImckwAnlit,  nii<l  thit  diviHioii  nt  fint  iavolvra  tbo 
carliUf^inoufi  tu1x>  aloQP,  th^  notochoni  r^miuniugas  acontiDnonx 
■tmrturp  naiil  the  complete  absorption  of  the  tnit.  nt  the  end  of 
tbr  inpt»Tiiori)Ini*iN  (Pig.  89). 

Shortly  lieforetbe  nietamorphoais,thiu  rings  of  bone,  slightly 
oOBstricteil  in  their  middles  ko  ax  to  be  bour-glas;*  Bhape<l  in 
ttcti'iD,  art-  developed  in  the  membmne  inreetiu^  the  cartilii- 
ginoiw  itbuuth  of  tbu  notocbord  ;  these  from  tbi^ir  firat  npfKNtr- 
ann*  correspond  with  Ih^  nine  vertebne,  to  the  bnny  centra  ef 
which  thej-  givf  rise.  Like  the  t-artibiginous  vertebiw,  tltpy 
develop  in  order  from  before  backwai'de. 

In  tho  int«nTrt«bral  re^oos.  between  the  auccesaive  bony 
rings,  annular  thickenings  of  the  cartilaginous  sheatli  occur, 
which  grow  inwards  bo  as  to  constrict,  and  ulliuut.tely  obliterate 
the  notocbord.  Each  of  these  intervcrtebnil  rings,  after  tite 
netiuDorpboas.  becotnes  divided  into  anterior  and  posterior 
portions,  which  fuse  with  the  t>ony  centra  of  Ihe  ndjacetit 
vert^-bne,  anil  Oi^sIfA,'  lo  form  tbeir  arliciilar  ends. 

¥Tom  the  circumferencp,  and  from  the  artJcular  ends  ©f  ejicb 
veitebm,  ossification  gradually  B])iead5  inwardn ;  but  a  i^nioll 
port.ioa  of  till.*  notocbord  perEist^  in  the  middle  of  cadi  centrum 
for  a  long  time,  or  even  llirongbout  life. 

Tlie  %*ei-teI)no  do  not  lie  opposite  the  lUD^Ie  segments  or 
myotomes,  but  alteruate  with  tlicw ;  eo  that  each  vertebra  it 
nctcd  on  hy  two  myotomes  on  each  eide,  one  pulling  it  forrrards, 
and  the  other  backward.s. 

The  tramtvcrw  proowBei)  ariae  independently  of  the  corre- 
Bpondiug  vertebne,  bat  ven-  early  fuse  with  tbeM.  lliBy  extend 
along    t)u>    conneCtico-tiiiBiie    septa    between    the    successire 
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chord :  poBl«rk>rlj-,  it  e:ct«iid8  back  lu  a  flnttcnod  t^pichordal 
plitr  nboTf  tbe  uotoctionl,  nnd  n  rhick  int-dian  hypuciiurdsl 
rod  belciv  it.  Diiniif;  thti  .tliort«riii)g  of  the  tail,  on  tUe  com- 
pletioD  of  the  metaiuorphosU,  tlie  ejiicborda]  and  liypnclw^nUl 
cactilagea  ext«ud  and  meet,  ho  as  to  conipletelT  surround  tbe 
Dotochnrd.  l^ter  still,  t)je  cartJIiigo  become*  in  great  port 
repbtcf^  Uy  EHinii ;  but  ibr  Iiiiidor  end  )>ei'Hi!iL4  ns  a  tcrmiDal 
ploj^of  cartilajrt"  thnmgbdul  Ufe. 

The  anterior  end  of  ihe  notocbord,  imbedded  in  the  ba»i!  of 
Uie  skall,  is  gradually  omcroiicbi-d  u]X)n  Uy  tlic  ntrtila^e  nnd 
bonearouDd  it;  and  ullini»lely,in  baif-giMwnfjK^jidcdiiipletely 
■bflurbed. 

2.  The  SkuU. 

a.  The  ikull  of  the  tadpole.  Tlie  aktill  of  the  tadpole  coiiBiets 
aliiiOAt  i'iitir»-Iy  of  carli!;ige;  none  of  llie  bones  of  tli«  sknll, 
with  the  exception  of  the  parnsphuDoid,  uppcarlog  uutil  »  ^bort 
time  before  the  tne4itniorp1io«i«. 

lu  tbi>  cartilaginous  okull  of  the  tadpole  twu  maiu  flementa 
iiiay  be  dix'tJitgni^hed : 

(i)  Tlir  Braniam.  vriUi  ihv  tAtackory  nnd  auditory  capaialc*, 
vliidi  niny  i-onviui'Hlly  be  taken  togetliiT. 

(ii)  The  viicenl  skeleton,  wbidi  conai^ts  of  a  series  of 
cartiUginMis  bars  duvclopt-d  in  thv  viecei'«l  nrchi-a,  und  nn- 
cirrlin^  tin-  ph«rynx. 

8)M>:ikiii);  ^-uvi-iiUy,  tJif  skull  aa  a  wliule  deretupn  from 
Ifcforr  backwarde;  the  first  foniieil  p«ii^  being  at  tJie  luitorior 
md,  in  connection  with  the  jrtWK  :  nixl  tbe  binder  r*nd  of  t^e 
fikall  Wing  very  imperfect  in  ihi-  twrly  iitage«  nf  tad|H)le  life. 

True  cumlnge  doea  uot  Appear  until  the  tadpole  is  nitout  10 
lo  II  mm.  ill  length;  i.*.  when  the  opercular  covering  of  the 
ffilh  is  alitiost  (.'umpleted,  nnd  Dk*  bind  liiniM  niv  risible  as 
miuuie  buds  nt  the  bow  of  ibe  toil.  Lofi;;  bcf«re  tni^  t-aittliige 
i*  present,  however,  tlie  nkeb-tal  vlenietitA  can  lie  reiulily  diatin- 
ImhI.  as  tracts  of  ct'indenfk^'d  and  modified  meeobtaet. 

Tlie  firet.  stage  in  tlie  histolojfical  tlifferentiation.  by  which 
csrti)ng<-''  is  funneil.  cun^iels  tn  n  nnmber  of  ineeobtiul  celU 
becooning  utoi-e  closely  conipacled  logetJier ;  tlieee  cells  have 
\arge  nuclei  niu]  verr  scanty  protoplMin,  nnd  are  fiirllu>r 
diittinguiftbcd  from  the  eurrouiidiug  nie«oblA»t  cella  by  liaviaff 


TltG  SKULL. 


•2X}» 


|NU^6il.  SO  that  the  nucloi  of  iitljncent  cells  1i«  verj  close  bo  onp 
■QMthcr,  vrkile  the  ])nno|>Iasiii  of  the  leversl  cells  lieoome*  fused 
tndi  B  contiDnoDS  pla«inii  tir  matiix.  Very  eli^bi  riiiHiLT  ciuuiges 
convert  tbifi  into  trne  <»rtilagc. 


(i)  Tim  eraniom  tn  limiit  com.  This,  in  its  fully  lunncd 
conditluii  (Fig.  ^t}),  in  nn  u nM-gmenlttl  cartilaginous  tiit>e,  m- 
eomploto  (loiBsDy,  and  tncloaitig  the  l>iaiii.  It  ie  d@v€lop(>c!  in 
tlie  follnwiiig  tiiaiuit^r. 

Shortly  sfler  liatcliing  of  the  tndpolc.  a  pnir  of  K'li^tudiDal 
nui*  »if  Comlriixsi  iin-«:.i iln^t,  ilitf  trabeoalli  fir&nii,  uppt-ar,  iitiK 
oil  cither  Bidt>  of  the  antorior  Mid  of  the  brain.  Tbme  nro  at 
fii¥t  rtitiivly  in  fit'iit  of  ilit.'  iioUiL'tiurd  (•/.  Fitf.  01):  thiir  jiob- 
t«^or  I'lxU   lie  uloiiL'vidf   iIk-   lorr-braiii ;  while  HtitL*nt)i*ly   llii*y 

an?  Iliitten«tl  doiNo-viitmlly.  mid  ftuted  to  form  «  horizontal 
plat«  lyiiiK  IwtwLfii  thf  (wi>  nawil  snrs;  ilw  cxtn-iiu*  niiterior 
fTula  of  the  traU'ciilic  M-jMtiulf  agiun,  A»d  l>eiui  tlowiiwai'ds  mto 
the  upper  lip.  which  Ihey  support. 

A»  ibr  tftdixilrt  giY'Ws,  the  trabiTiiIji'  rapidly  fxtftiil  back- 
watds  along  tlw  Miles  ft'  thu  iiifundibuluui,  and  i^uou  roach  the 
antedfir  eii'l  of  tbt^  notocbonl :  they  t-untJiiue  lioclcwaida  nlong^ 
side  rlit>  notochurtl,  luid  iu  clo^e  <^untnct  with  this,  n^  a  |>atr  of 
huriaoiital  niiU,  thi-  pnitichonlals,  which  witli  th«  notocbord  fortn 
tlie  Boor  of  thi;  bruin  cu«o. 

In  ladptiles  of  12  mm.  length  (FigH.  90,  91,  and  92)  IIip 
txalwcultc  liuvt-  beu)iue  a>rt>ihi.}(iiiuu9:  Iheir  extreino  aiilfrior 
ends  ebonilrify  indi^fwud'-iitly  as  a  pfiit-  of  thin  currWl  plat«8, 
tlif  up]M>r  labiril  cArtilngi-i',  l,r.  which  t>uppoTt  tiM*  upjyr  lip. 
Beliiiid  the  labial  oartiIag<-!i  the  twu  IraW-cuIie  rfuiiijii  s<-|»nnitr 
fi>r  a  fihort  distance',  but  aouu  fuse  to  form  a  median  homontal 
{tiale  of  ciirlilng'',  lying-  Ix'^wtyn  thu  two  luuid  akm.  mid  «up. 
porting  till*  t'Xireme  antmor  end  nf  the  bmiu  ;  behiiHl  Uiis  ihey 
nrr  coiuintieil  IjockwAnl^i  a?  twD  parallel  bars  of  carliUge,  lying 
at  tbr  Wide*  of,  ami  ^-lightly  ^trntrnl  to  tlw  brain;  K-hind  the 
infundibulnm,  and  juiil  in  fitnit  of  thi<  nnti<rioi'  etui  nf  the  noto- 
chonl  (Fig.  91),  tli<>  two  Imbecuhi-  are  ugiun  connected  by  a 
r  narrow  traiiavpTBe  bridgp  of  cartilage,  beyond  which  they  contiuue 
ikwnnls,  AS  two  narron-  parocboi-dul  baiid«,  HC,  al<->ng  the  sides 
of  tUe  DOCocbord,  to  the  hinder  end  of  tlie  skull. 

In  ibc  later  tadpole  &tsgca  the  trabecule  extend  horizontally 
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iiiwanli^  1x>  form  Uie  Hoor  of  the  i^kuH,  w1iiK»  tJteir  outer  edges 
grcnr  upwanls,  fijrmhig  low  riilges  aloog  Hip  siJes  of  the  liraiii 
ill  tlie  eihmuiJul  i-eg>un,  in  front  uf  the  eye,  and  iu  tlti;  occipital 
region  bchiwl  the  ear,  OppoHte  the  eyes,  the  eide  wall)!  of  the 
cranium  iirelonin-d  Ijyn  pair  of  oirtilagiiioiis  plain's,  whicti  appear 
incU-prndtnitly,  in  ttie  nii-mbrnnc  at  the  sides  of  the  bruin,  and 
soon  extend  vetilralwiiiils  to  meet,  »iid  fuse  with,  ihe  tml>RCtilii>. 

Tho  side  walla  R,nd  roof  of  the  hinder  part  of  the  ceanium  are 
niainly  fitmied  by  tlie  auditory  cnpsiiles.  At  tat  early  period 
the  inesobhist  surrouiuliiig  eiwh  imdiloi-^'  vvsicle  fornix  »  definite 
<»psule  around  it:  in  thiii  a  tliiu  shell  of  carlllage  is  formed, 
first  in  the  outer  wall,  but  soon  spretuling  inund  to  the  floor, 
wheiv  ii  becomes  continaous  with  the  outer  edgu  of  the  |iiuu- 
chordal  cnrliliige  (Pig"-  "Oi  ^*^  ^1»  Kc:).  Thia  cartilaginous 
auditory  cnpstile  spreaile  moii?  slowly  over  the  doi'sal  iHilHce  of 
the  auditor^'  vpsiclr,  and  then  extendw  (Kiwnwanlc,  between  tho 
brain  and  the  eiir,  to  furni  the  side  wall  of  thiw  part  <if  rlia 
skull.  Later  still,  in  tadpoles  of  alx>ut  20  ram.  letiglJi,  tlio 
cartilagr  of  the  dorsal  Ixirder*  of  the  aiidit<>i'y  capsules  ppveads 
inward*  aeros*  llie  top  of  the  brain  cnse;  Jiud  *o  coinplei-Tt  its 
roof  in  tJiis  region. 

The  liijulrnosteiid,  rjr  wi-ipital  region uftliesTdill.  is  fbniie<l  hy 
upgroivth  of  the  edges  of  the  parachordal  cartilagea.  Thiaoccura 
very  slowly,  and  ijui**'  indeiK-mlently  (if  the  auditory  cap«ulee ;  ifc 
is  nut  complete  until  ^lorlly  befort?  the  metamorphosis. 

In  till*  outer  wall  nf  eocli  auditory  capsule,  a  \nrg^  otbI  or 
circular  [latcli  reinaliitt  unchondrilied:  this  is  t}ie  fenestra  ovalis 
(Fig.  90,  sk).  In  the  middle  of  this  mendiranouH  patch  the  stapes 
appeurs,  iu  tadpoles  of  about  l(i  mm.  length,  as  a  cartilagioous 
nodule  (^cf.  Fig.  !)3,  m),  the  farther  development  of  which  will 
bfi  considered  Inter. 

At  the  untedor  rml  uf  Ihe  cranium,  the  nnwd  or  olfactory 
orgiws  become  i-oofed  iu  by  cartilage,  which  arieea  as  a  verticfti 
Creet  from  the  upper  auidaee  of  the  median  internasnl  plate 
formed  by  the  trtibecula\  and  spreiuls  out  i-iglit  nnd  lefl  as  a 
pair  of  thin  horizontal  }ilatea,  covering  over  the  olfactory  oi-gBittt^ 
mid  forming  the  enrlilttginous  olfactory  ('aps»li»s  (Fig.  !''i,  <>F). 

It  thus  appears  that  the  trabectila.',  with  their  posterior  con- 
tinuations, the  imi-achordalg,  give  lise  to  the  floor  of  the  cranium 
idong  ita  whole  length ;  they  aleo.  hy  upgrowth  of  tlteir  edges, 
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the  flidcs  ami  tlie  roof  fft  lie  extreme  anterior  aiwl  postcriw- 
'ends  of  titf  skill),  hi  the  ot'liilA!  n>gioii  the  tttde  nallB  of  the 
skull  arise  iiulependi^utly,  Imt  grow  clown  to,  niMl  fui^  uith,  tlw 
tr&ln-ctilii' ;  wltilt-  tlit:  mof  rciimin."  tiiemliraiiDuin,  I'iiinlly.  in 
the  auilitocy  region,  l>oth  ihe  eides  and  1*00?  afe  formed  aa  e.'ctcn- 
tiata  of  ttu'  nnditorx'  onp«ulo6. 


(iij  The  vuoeral  skeleton.  Tliin  consititsora  «eric8[>f  cortiln- 
pnous  hoops  or  ban  (I*'ifr<.  ?0,  92).  developed  in  Ibe  mandibular, 
(be  hyoideaii,  and  thi*  fniir  lu-nnchial  aixhe^.  which  tend  to  encireln 
^ihc  pbnrjTUE.  tJoch  Kuop  cuiiviuts  of  right  oiidlvf^  halves,  which 
are  irMlopendent  at  their  dorsal  ends,  but  fuaed  or  cloa.-Iy  ctjiniectod 
ventrally.  Like  itifcrniiiuni  itself.  theviscoraUkelrtuu  derdopa 
from  before  liackwnnl:', 

Tlie  nandibalar  bar  ia  one  of  the  very  eorhvs^t  pnrta  uf  the 
ikall  to  be  developwl :  it  may  ln»  repopnisi'd  at  the  time  of 
bntcbiii^ofthe  tadgxtV  a»  a  ctn'vnl  hand  of  condensed  inettohlut, 
lying  IranHnTM-ly  aci-(.>»«  the  tloor  of  thu  mouth,  close  to  its 
Anterior  eml.  The  out^er  enda  of  the  bar  are  enlai^red,  and  pro- 
dncnl  upwnrds  into  vei-tical  proctsees,  which  lit^  at  the  sides  of 
th<>  n^oulh  carity,  and  nro  eoiitinuoua  alKn'e  with  the  trabecule 
cranii  wt  k  Ii*v*I  l»etwe.'ii  Hit*  ru.fi.'  and  ejv  ;  n  conm-ctioii  which 
aflnrwnrdit  gives  rise  lu  the  |ialato-iiterygoid  barx. 

After  hatchiu^,  tlie  mandibular  bargruwd  rapidly,  and  umlco 
important  change:'.  Jt  becomes  divided  on  each  aide  into 
I  parts: — fijnNiiinll  anterior  segment^  which  l&t4^ron  becomes 
lie  lowtrr  labial  cartilage,  and  wtiich  is  continaou.^  acm^s  the 
meilinii  jJune  with  its  fellotv  of  the  opposute  sidii ;  (i\)  n  #niall 
middle  »ei;uifnt,  wbioti  li«coniei<  latrr  tbt-  h^tiis  of  tlie  lower  jaw, 
or  Meckel's  cartilifre;  iind  (iii)  a  liindmost.or*|iiadrate  segment, 
which  U  much  the  liirp':-!  of  tlw  three,  and  whicli  is  connected 
with  Ihe  traliecala  by  the  palato-pteryfcoid  Imr  nientiotunl  bUiVi;, 
while  from  it^;  outer  aide  a  duri^lly  diii>et).'d.  tL>af-like,  orbital 
proj(>ctK  iip^t'anlfi. 
On  Uw  appi-anuKe  cfcnrlilngw  in  tiulpoletof  about  12  min. 
Iwngth,  lliB  condition  uf  the  maiidibuhu'  bar  is  as  .-ihown  in 
Flga.  90,  91.  niul  9i2.  The  hinder  part  of  tJte  bar  fumiH  thr 
»(piadrate  c&itilae-.  <i.  a  stout  horizontal  subocular  bar,  which 
»e8  parallel  to  I  In*  trabivulu,  Init  »um•^  diiftancv  from  thi»,  and 
ftloiigthe  under  and  outer  HUrfoce  of  the  pveball.    The  hinder  end 
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of  the  <[Ufwlrnt4^  lunis  pTi/irply  inwavils,  WR,  nml  is  connected  w 
tliL-  tniliL-fuIn  just  in  livrnt  of  t lio  'itv  cap^iilf,  VX:.  From  the  ouU-r 
eilgn  of  tbe  quadrate  the  prominent,  veiiical,  urbital  process,  go, 
pi-ojects  upwards  ;  and  tlie  anterior  eiiil  i>f  tlie  (juadriLte,  like  irs 
posterior vntl,  t  unis  sharply  inwardv,  to  form  tlit-  pnlttto-|jter\'giiiiI 
bar,  Qi',  which  is  fiisf>d  with  the  trabtvuln,  hetwet^n  the  nose  and 
tlie  tiye.  The  quadi-ate  may  ihiis  be  dt^cribed  na  a  honRcintal 
hai-  of  t-aitilagc,  Iving  to  tliL'  outer  side  of  the  trabecuhi,  and 
connpctwl  with  this  hy  two  strnt^-t,  one  in  front  of  tJie  ey*  and 
one  behind  it. 

The  second  s&ginent  of  the  mandibular  bw,  or  Meckel'* 
cartilage,  HC,  is  a  short,  stout  bar  of  cartilage,  which  mnx 
inwards  and  forwards  across  the  tloor  of  the  inoulh.  The  third 
lie^ivnt.  ut'  lower  labial  cRrtilji;{e,  ll,  is  a  much  ainalhrr  bar  at 
th»  inner  end  of  Meckel's  cartilage,  wliicli  meet«,  or  U  iiotuallv 
fuiied  with,  ifa  fellow  of  tlie  other  side  In  ttie  m-'ilian  plane. 

The  chief  further  ehaiigcK  tliat  (tccur  in  thu  mandibular  bar 
during  the  lulcv  |ieri«ds  of  tadpole  life  ((/.  I'lg.  93):— are  (i)  a  pro- 
greasivo  iliniinntion  insiae  of  the  orbitAlprocpsii,  qo;  and  (ii)  the 
dovelniiraent  of  an  additional  connection  bet  w«en  the  hinder  end 
of  the  quadrate  and  the  auditory  capaule,  by  means  of  uu  otic 
process  (Fig.  t>3.  UK). 

.•\t  the  time  uf  th«  uietaiuorphosis.  very  considemhle  and 
important  changes  take  place,  which  will  be  described  liiti-r  on. 

The  hyoid  bar  appwur?  directly  after  th**  mandibular  bnr,  and 
immediately  l)eliiii<l  this.  .It  tirnt  the  right  and  left  ban  are 
separate  vuntrally,  but  they  eoon  become  cotmected  by  n  median 
plate.  The  hyoid  bar  thickens  rapidly,  and  at.  12  mm.  (Fig«, 
90,  02)  forms  a  brond,  somewhat  S-"linpi>d  pUte  of  cartilage,  th« 
oei-atobynl,  hk,  which  lies  across  the  floor  of  the  month.  Thn 
oater  ead  of  th«  ceratobyal  is  enlarged,  and  turned  upwards,  and 
ariicnintfts  with  the  ventml  eurface  of  the  quadrate  nUiut  the 
middlo  of  its  length  (Fig.  90,  Hu).  The  inner  ends  of  the  two 
ceratobyah)  arc  connected,  across  the  tloor  of  the  mouth,  by  a 
median  basihyal  cartilage.  Bli,  the  posterior  t-nd  of  which  gnnvs 
hack  as  a  kcel-Iike  iirohynl  procet-s  (cf.  Fig.  G5,  Iib),  which 
spparatiea  the  two  halvca  of  the  thjToid  body  from  each  other. 

The  branchial  bars  are  a  xefit-s  of  fotir  pwir*  of  cartiiagiiious 
rods,  developed  in  the  four  branchial  arches  of  each  sid«.  Thwy 
ai>pear  in  oitler,  from  bcfoi'e  backward^,  as  :^lender  curved  bands 
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uf  curtiln^f-  (Fi^.  ^2.  BK.i  tu  liR.i^.  'Hit!  ihveal  niiU  vr  lli«  I'uur 
[fan  of  <iwOi  siiJe  very  i-arly  litwonn-  uoiineiTttil  t<igvllii'r.  The 
tvtitml  fnds  nn*  at  liivt  iiidep<-nd(n>t,  tnit  tbp  ciuU  of  the  fint 
ItrnnchJAl  lium  early  iiiiiu-  tn  ttmn  n  Ifroml  nicilmn  UiS'iliratichial 
plate  (I'^K-  '•*-.  BB)r  "^''1'  wliit:!!  tin-  ventral  pikU  ot*  tlie  liiiMler 
branchial  liar^  ^«on  join. 

Th«  I'Uiff  fharactfristic  of  tin*  Kkiill  of  tin*  tadpole  is  tfap 
tnrly  (levvU>pii)fiit,aii(l  lai'gi-  6iw.',(.if  tlivrairlilag^s  uf  tJic  fXtnnno 
luitrritir  I'lul,  in  voiitiectioii  with  tlic  jawtt.  Tlic  vnrly  fontiiUion 
aihI  i^vnt  ni/^  «l'  thf  miloiinr  i-iuIk  of  tlic  imljoeiilH?,  tlio  laivc 
Inbial  cnrtiU;;i'»,  iIk*  early  attucbmuiit  i>r  (lir  iiiaiidibnlAi-  nrch  tn 
tbr  anterior  i^nil  of  the  trabeciila  by  llie  ixtJatii-pUTj'goid  bar, 
the  rtioriiKius  and  siti^iilnrly  iihApml  orbital  piijcex  of  the 
qumlmtr,  atid  t\tp  tiinssivp  rluimcter  of  llif  liyoid  an'ti  in  tti** 
floor  of  tin-  nioulJi,  an-  nil  iv itiii«ctcd  witli  tbp  m^Tii  for  a  linii 
supporting  "lifli-loii  for  I  he  horny  jaws,  niul  an  cxfnuive  sni^ 
Gw(>  of  orifp'n  for  the  iniiscle-i  hy  wJiicli  th»»«»  jan-s  aw  workod. 
All  Uiese  are  cbaradcrfi  which  concern  tlie  lailinjlf.  and  nmt.  the 
fW^;  and  they  nre  all  l'i«t,  or  grvatly  moditied,  in  the  iidalt 
uiimal. 

b-  Tbe  skull  of  the  &og.  About  tJiv  time  of  the  nielAmurpbosif. 
tlie    ukull    nndergoee    ini)K>itnnt    chan}^,  by  which  the   adnlt 

,  iModition  and  |  iro[NortJon«  ftre  nttaiii^d. 

A  ixini[)lple  enrtilaginoits  Hour  is  formed  to  tht^  eknil,  lietween 
tbe  two  tni.l'eculu'.  The  hinder  end  of  tlie  skull  uqairee  deHnit« 
idia)ie :  tlie  parachordals  increase  greatly  in  size,  ^i-owing  inwards 
Huaatueiicivuich  upon,  and  altinintely  toobliti*rntethetMitf)clii)nl ; 
thf^y  rm«e  with  the?  auditory  cnp^uleB  and  (frow  up  Iwhlnd  tlwsn 

,  to  oouiplete  tbe  oroljiital  rinff.  TIm*  Micle  walls  niul  nwf  of  tlie 
ricnll  nre  formed  in  the  nianner  nlready  liescritwd  (p.2U-l).  'IV 
DMuil  cnpsuW  are  formed  by  exi»ii»ion  of  the  fuitrrior  enth  nf 
the  traheeula* ;  tlie  ii|iper  Inliinl  «»rtilngos  [HTsislinff  na  ttir 
pro-rbiiial  enrtitaj^^,  which  bound  the  anterior  niuitnls  in  front. 
A  thiu  cartilnjjrinoii!^  ^liell  ia  fornieil  in  the  sclei'otic  oott  of 
«at'h  eye,  bii'  rt-niuin*  lliroiijfhuiit.  life  free  from  the  »kull  proper. 
In  IIk'  Tiiinidilitilitr  nrvli  jfn'nt  nnihlicatiuiin  i>umr,  associated 
wiUi  the  change  from  the  Kmall  ventral  month  <>f  the  tiutpole  to 

,  the  wiile.  flit-like,  nnil  lenniiiivl  month  of  the  trofi.  The  anterior 
end  of  the  iiua-Jrate  i-otates  dnwiiiranls  and  backward^!,  causing 
great  lengthening  of  the  pnlnto-pferygoid  bar  (Figs.  00  and  OS, 
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yr),  u'liicli  l>ecoim-»  drawn  out  to  fi>rm  the  frniiu'work  of  tlii* 
«p[ior  jaw.  At  the-  same  iinu*,  M^ljer*  cartilage,  uc,  fortiiiiig 
tlw  I)!i8i8  of  the  lower  jaw,  lieconies  also  greatly  iengthened, 
wliilc  ihf  lower  labial  cartil-iires  dieapptar.  At  tJie  timv  of  tlie 
metn.iiiorpliosi^,th«  quail  ruti_-  still  slopes  down wanls  and  fonv.-ittla 
(Fir.  113);  Ijut  the  rotation  cuntinueB  until  tlie  quadnito  becomes 
vertical,  nnil  finally,  before  tlit-  end  of  the  tirel.  ye-ar,  acfiuirrs 
the  inclinntion  downwanis  nml  IinckwarJa  so  charnclLTistic  of 
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the  adult  (Fig.  M).  Tlie  orMtal  process  of  tbe  quadrate  ««rly 
bocoincs  inconapicuouB  (Fig.  t'S,  go),  and  Rnaliy  disappeara. 

Tlie  liyoid  bar,  which  is  massive  in  the  tadiioly,  bwoiiies  rery 
alendcr  iu  the  frog.  It  gnwliially  cloiigiites.  extending'  doreal- 
Vi-ards  until  tt  meets,  and  fuses  wHth,  lite  t-entral  ani-fac^^  of  tbe 
aaditor>'  cnjwulo  (Fi;;:.  91,  it). 

Tbv  brancliial  \ian  become  won''  and  more  elender  as  the 
gUU  begin  to  ftlirink.  ami  ultimatoly  disappear  almost  ooinpletelv. 
'I'lie  bosibyal  and  ba*ibranclnal  cnrlila'^''^  give  rise  to  the  hotly 
of  the  byoid  (Fig.  ?i,  II) :  from  tlie  ventral  cnils  of  the  fourth 
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brimcliiul  biiw,  tli*-  backwardly  dliwtpd  tliyroliyals  (Fig.  91,  t) 
tuv  forniPil ;  while  tlie  rest  of  tlio  tourtli  bninchial  bur,  and  the 
wlivto  oftlw  (tr»t  Uii-eo  bora  Ui6ap))eiu', 

Tlw  fenestra  ovalis  liiut  Ik-ch  (lescribcil  nbove  aa  a  large 
aperture,  left  bi  the  outer  aiid  ventm!  wall  of  tlie  auditory 
oa[«ute  (Fig.  90,  3a).  Tlii:i  aperluro  is  closed  by  membrane, 
and  in  this  im^iiibrano,  ^lortly  beforo  tliu  nietAiiiorphosU,  tlio 
itapM  iri  fornifd  as  a  diso-tike  plug  of  cartilage  (Fig.  03,  sX). 

Tlie  oolumella  appears,  in  tadiioles  of  about  40  mm.  length 
(»•/.  Fig  O'i,  <i.),  ns  a  miiiut<<  bar  of  cartilage  iimiu-dint^-Iy  in 
fnml  »f  the  stalled,  and  with  its  outer  i-iid  directtn!  forwards. 
At  the  time  of  the  melaniorphosie  the  colminOIa  gnrws  mpidly. 
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riu.  t>4.— Tho  aksll  oC  aa  ndalt  Frogc,  frgmlherigbtnidc.     <  S. 
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D.  ^itcrt.    R  rmnflji" 

IH  RUllf  IIIUl  lul  _  

inuaiu.    Q.  4ui»iiM"juml.    B,  wniuv  »h-  ni)'  of  nlMk  wl  taMh  tmrttt.     8, 


|*<>i-  AV.  minimiwaiu.  jj.  uutur  oonia m  njrtw.  uramnMU 
,  rmlvlnliat  Ti  DMtrtk  FPi  naMa.]ian(Ul.  H.  bodf  <■'  Uf^L  Ii 
I «t  (^itlp  lum^  JC^jAKlUa.  MM.  OHMo-iMCtatUih  H^undiir 
■111  •■nnili  iHrnm.    If.  iumiI.    ft  i«uB«h).    P,  |i(«j)fDM.    PK,  I" 


and  lieoomes  ratntecl  mitnmrtl*.  so  that  its  miter  end  comes  into 
close  n-lation  witli  the  tympaiiit  niembnuie,  while  it«  iniiiT  end 
fitsefi  with  t]ie  atapes.  At  Ai'st,  (lie  oolumella  lies  in  the  doreul 
wall  of  the  tympanic  cavity,  btit  this  latter  gradually  extendi 
upwranls  aixmnd  it,  until  the  columella  acquires  ita  adult  relatioiw, 
and  appcan  to  cnris  tbo  tym]uuiic  cavity  (<:/.  Fig.  CS,  c,  p.  1-14). 
In  it§  actual  devel<>i^>Tiifiit,  the  coliiitiella  of  the  frog  ^ows  no  sign 
of  any  coniu?ction  uitli  either  the  liyoid  or  mandibuhir  bars,  but 
ooinpnrison  with  olhrr  vertebrat^-fl  rentiers  it  very  poOBiblc  that 
the  fr<^  is  in  thin,  as  in  eo  many  otlier  res^pects,  in  a  modified 
raClier  tiian  a  primitive  condition. 

The  bones  of  the  skull  are  of  two  kimts: — (i)  cartilage  booef, 
which  art-  fornml   iu   direct   connection  with    tho    prinmry  or 
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cnrtilaginoiin  skeletoit ;  nnd  (ii|  membrane  boaec,  wiiicli  .irJM* 
indepeiideutly  of  the  eai'tilagiuous  skrlptoit,  although  thev  may 
in  their  later  stages  become  firmly  graft<^  on  to  this. 

The  membraiio  bones  of  th(>  Kknll  »p|iear  in  a  coiiii-tiivp- 
Uebuc  layer,  very  rich  in  cells,  which  is  founil  iiiiii)riliBt4>ly 
uiitt'iili^  the  cnrtilaj^inoiiK  crniiiiim.  In  this  connecti%~e  lissu*.-, 
lrah<>cn1fB  and  spicules  of  calcified  ntiWtaiicc  apjionv,  mid  rood 
interlace  to  form  a  network  ;  .lurronndiug  the  spicules  are  osteo- 
btoKf^  or  bone  celli",  l>y  irhich  the  further  growth  of  the  framework 

is  cHi-ctvtl,  II  ci^uKistent  Iwiiy 
liiiiH'lIn  with  ind)t>dded  boiie  cells 
tiring  ultimately  formed. 

'I'lu'  iii"Ht  hone  to  be  dovelujicd 
i*  th''  pnmsphenoid,  which  np- 
in-ui!*,  in  tail|)oles  iif  about 
2ii  mm.  length,  lu  the  coimective 
ti»^sllO  underlying  the  floor  of  the 
Nkitll.  The  exuccipitab,  and  the 
frontal^  and  pariotals,  wliicli  are 
at  lirst  B<>parat<>  from  one  another, 
soon  follow.  The  prenmxilUi. 
inaxiltn,  dciitary,  niiil  aiigulurc 
nee  I'oniii'd  nt.  llit-  Ct'ititneiict'iiiciiil 
of  the  metamorphosiB ;  and 
towaiils  its  close  the  ^'onit-r, 
jinhiliiiv,  ptvrygoiil,  ittid  othfr 
Iwnee  ajipear. 
Tly  the  t)ni«  llie  inetaniorphosia  ii^  oomptetfHl,  and  the  tail 
ubsurbud.  all  th?  bones  of  thii  ekuU  ait-  pix-«viit  except  ttw 
spfaen-ethiDoid.  wUicli  appears  rather  late,  in  tht^  conrHeof  tho 
tirst  Slimmer,  as  a  riafiow  transverse  8|>linter  of  bone,  crosisiiig 
the  roof  uf  tlie  ckuU  iitar  ita  aiUvrior  end. 


Flu.  9D. The  "Icull  of  nii  wloU 
Vtok.  from  Ibc  vcDinU  surface 

fli,  iKfuplLMMilil.      r,   Anliimrll*. 
¥,  PEjKfinttal.     /^,  frii>hUK|n;kt«L 


3.  The  Teetb. 

lu  tile  frug  the  tt^thai'ectintineit  to  the  preiuaxilUe,  inaxilln, 
and  voiitera.  the  lou'er  jaw  being  eileniulous. 

Thft  npppp  jaw  l)ears  a  single  row  of  small  conical  terth 
arranged  alung  it:^  inner  border,  nach  tooth  being  attached  to 
tlie  bono  at  it*  base  and  along  its  out^r  surface,  and  only  a  veiy 
amall  part  of  the  tootli  projecting  freely. 


KMih  tootb  is  a  bollovr  coni^ ;  t\w  ct'titiftl  or  pulp-cavily  ooii- 
tBininglljeblofxl-vfs.'ipIs  and  nerves.  The  basal  piutofthe  cone 
oniei&t'fl  »f  bone,  the  upicnl  {>art  of  dentine,  capped  ni  the  Lip  by 
a  \vr\  thin  layer  of  enamel.  The  teeth  are  readily  lost,  and  are 
rt'plswd  by  oow  out*  develoju-d  l)(>low  them. 

The  (t«th  do  not  begin  to  foiui  until  tlio  limu  pf  the  mt-ui- 
morphoitis.  Round  the  bordei-  of  tlie  j&w,  n  n»lid  ridge-like 
ingrowth  of  tho  d«(>p«r  layer  of  tiit>  <>pidermi8  (akos  ptnco  into 
the  nnderlyiiig  connective  tissue ;  a^id  opposite  the  edgu  of  thiK 
nigc  a  scrirt  of  smull  prooeesw,  the  dfiil  inal  |m|>i1]a-,  an  formed 
in  ibe  tlermia.  Tkei-e  papiUte,  which  ^re  vei-y  rich  in  celle, 
grovr  into  the  epidermal  ridge,  K'hicli  tliiiis  fbnii8a  cup  over  each 
of  Iheni.  The  inm-r  lining  of  iiich  cop,  immediaUily  covering 
■he  papilln,  ooti!<iMtM  of  u  xinj^ln  tnyei-  of  ^hori  columnar  C4^1l:<,  the 
ennmel  cells ;  while  the  re^^t  of  th<>  cap.  which  is  three  or  foui- 
vvlU  thick.  oon»u«t8  of  indiflprent  cellh,  the  oiUeniiost  layer  of 
which  forms  a  more  or  \es*  thi'inxU?  mpKule. 

Of  th«  hard  tia^uas  of  the  tooth,  the  thin  cup  of  <>nami>l  ts 
fiimied  by  caicificatioa  of  the  euds  of  ih«  enamel  Cttlls  nest  to 
the  papilla.  The  dentine  is  furmvd  by  calcification  of  the  nur- 
facu  layer  of  the  |Mpillit  itself,  the  celttt  uf  the  pnpilhi  nending 
process?!!  into  tba  dentinal  sabetaoce  while  it  i.^  forming. 

'ilii?  young  lootJi  now  sepuratee  fi-om  the  epithelial  rtdge, 
and  moTos  townrda  the  eurfaoe ;  it  loiLgth«uH,  by  forniatton  of 
bony  tnatter  at  its  base,  but  does  not  acquire  itj^  dctinitn  attach- 
ment to  the  bouea  of  the  jaw  until  fionie  time  after  ihe  comply 
Uon  of  the  metomorphoais,  usually  during  the  autumn  of  the  tirst 
year.    The  di-rninl  papilla  persists  as  the  pnlp  of  tho  tooth. 

The  replacing  tc-cth  nra  develoiwd  in  precisely  similar  fashion , 
and  from  the  original  epidennal  ridge.  They  lie  at  fir«t  to  the 
iiuieriiideof  the  first  row  ofteotb,  but  during  their  devetoptnent 
filiift  tbeir  positiona  so  as  to  lie  dirrctly  abore  tbeut.  IJy  further 
growth  downwards,  acoonipanied  by  abtiorplion  of  tlie  bony 
based  of  the  teeth  in  usi-*,  thu  new  teeth  tno\'e  tuwardx  the 
«Drfac«;  tbey  often  lie  for  n  lime  pnrtly  withu)  the  pnlp  cariliea 
of  their  predecessors,  and,  as  Ihewi  tat4*-r  fall  out,  speedily  grow 
into  their  phtoee. 

Tbe  vomerine  teeth  are  rtraighter  than  those  of  the  margin 
of  till?  jaw,  but  are  otiicrwise  similar  to  these,  both  in  »tructar« 
and  in  uioile  of  developmeut. 
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-1.  The  Appendieolar  Skeleton. 

Tlif  lirali^  ari»c  about  llie  tiiue  of  completion  of  tlie  oi>er- 
ciilm-  fold,  ami  shortly  aftor  the  opening  of  tlio  month,  i.e.  in 
tiidpole-*  uf  about  II  or  12  mm.  length. 

Tlio  liLiid  limbs  (Fig.  83,  Lr)  appear  iw  a  pair  of  suiull 
rounded  buds  from  l)i«.-  vontral  earface  of  the  hitidvr  part  of  tlie 
body  wnH,  nt  the  base  of  the  rectal  spout. 

The  fore  limbs  (Fig.  84,  la)  &re  similar  buds,  which  arise 
nbout  the  samf  time,  from  the  Ru\e»  of  tlie  Imdy  wiill  nt.  it* 
ftuterior  ond,  opposite  thi>  ht-ad  kidneys.  They  Me  in  the  dorsal 
angle  betn-een  tin?  body  wall  and  Ibe  opeiriilarfold.  and,  being 
covcnil  by  this  latter,  ai-e  not  viitible  from  tho  sarftice. 

Tlie  limbs  grow  from  tho  eomatopleurc  atone  ;  eacli  'n  n  solid 
mass  of  compact  me-snblai^t,  covered  by  a  caj)  of  epidermal  c«lU, 
whieli  diffvr  in  tht-ir  cubicid  ur  colamoar  &bap(.>  from  the  flat- 
tened i-eilfl  of  the  genei-al  eurlace  of  the  hndy. 

The  liinbft  at  tirst  grow  glowly.  They  gradually  elongate, 
become  eegnncnted,  atid  then  divided  distnlly  into  (inxera  and  tow 
(Fig.  8-j.  LA,  1.1").  I'p  to  the  time  of  tlw  iiietiiinurphoKLs  the 
hind  linihs  an-  small,  while  the  fom  limbs  remain  coaconled 
within  the-  opercular  cavity.  During  the  mBtamorphosis  (Fig. 
86),  Iwtli  pairs  of  l!mb$  grow  rapidly,  more  especially  the  biitd 
limbs. 

The  sVelftoii  of  the  limbs,  and  of  the  limb-girdles  by  wtiicb 
the  limbs  (irv  wltaclied  to  the  body,  iloca  liot  oemmc  definite 
form  nutil  n  short  time  bL-lbro  the  nictemorphosiit. 

a.  The  pectoral  girdle  ili'velnps  na  two  balf-rinps  of  cnrti- 
Inge,  one  nu  mcb  side  uf  thu  body,  which  they  encircle  al  thv 
level  of  thf  second  or  thii-d  vertebra.  The  duninl  ondB  of  tbe 
half-rin^  (Vis;.  8S,  ss)  lie  supi-rficiully  to  the  transvi'rs<>  pro- 
ceasea  of  thp  vertebno,  FT.  nnd  oro  ronnecl*d  with  those-  by 
muscles  and  llgnuients;  the  ventral  endtt,  CO,  meet  each  other 
in  the  nn>dian  plane. 

Each  hnlf-riiiff  has  on  it.<  outer  surface,  rather  below  the 
middle  of  it«  length,  a  cup-ebaped  depreeion,  the  gleiKtid 
cavity,  or,  wiMi  which  (hft  lir-zid  of  the  humeras.  nr.  articu- 
lates. Tlie  part  of  the  ring  ahove  Llie  glenoid  cavity  is  ll»e 
ecApnlar  portion,  the  part  below  it  tlie  corucoid  {lortion. 

'riie  neajmlnr  |>ortioit  it  divided,  shortly  hefore  the  iiictnmor- 
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plioni):,  iikiii  n  «l<ii-itnl  !i!ii(l>--li1ke  |Kirt,  tlit'  supraiMapuIii,  ss,  wtiich 
remniiis  in  giynr  part  cartilnj^inou-t  tln-oughout  lifi^;  luid  it 
Tentral,  more  slender,  and  shafts-like  part,  tli6  BCapuIn,  sc,  round 
whicli  a  ring  i>f  boii«  soou  forms. 

'ITie  covacoid  iKn-tkm  is,  from  tbe  linit,  split,  into  two  divei^ 
png  proceGSM ;  aa  auterior  or  pn^wracoid  |KirtioQ,  niid  a  pos- 
terior or  coracoid  proper.  ITie  ventral  ends  of  tJie  airai-oid  and 
prr-coiitcoid  of  each  fide  grow  towards  each  other  and  meet, 
forming  a  longitudinal  hand  of  cartilage,  tbe  epi-oorneoid ;  tlia 
two  fjit-corocDids  lie  in  closer  contat;t  with  each  uthei-  in  thei 
median  plane,  but  do  nob  fuse.  Along  the  ajiterior  border  of 
the  pre-ooracoid  oartilt^e,  a  bottjr  rod,  tbe  pre-coracoid  bono  or 
clavicle,  la  formed-,  and  around  Ihw  coraeoid  cartilage  a  tubular 
aheatli  of  bone,  tlie  comcoid  bone,  is  devclo|>td.  There  i»  tbue 
at  first  no  traco  of  a  i-ttfrntim,  either  as  a  modian  or  paired 
rtnictnrc. 

During  iind  aflvr  the  metaniorpho«i8  further  changes  occur. 
The  bones  increase  in  siice,  especially  the  papula  and  coracoid. 
The  two  epiHXtrAOoid  t^rtild^H,  in  place  of  merely  moeting  in 
the  median  plnni;,  ovvrLip  encli  other  to  a  ci'rtain  i'\t<;nt,  the 
left  i>|>i-coraooid  lying  dui-snl  toUw'  right  one.  From  the  anterior 
cods  of  the  t>pi-coracoid  cartilages  a  pair  of  small  processes  grow 
IbmnU;  these  noon  fuse  to  form  ibe  omostemnni,  which  rapidly 
increasea  in  size.  Behind  the  epi-voracoids,  and  in  clo«9o  contact 
writh  llivin.  n  jiitir  of  cartilagitioitif  bands  a[^ear,  which  fuM* 
together  to  funn  a  flat  median  plate  of  cartilage ;  thiii  gives  rise 
in  front  to  the  sternum,  round  which  n  ring  of  bone  soon  forme, 
and  lH.-bin(l  to  tlio  x!pbi-8t«mum,  which  remaiiiH  pemianvntly 
cnrtiloginoas. 

b.  The  pelvic  girdle  also  coiwisls  at  firat  of  two  half-iings  of 
cartilage,  enciivlhig  the  hinder  part  of  the  trunk.  The  ventral 
etiiU  uf  till'  half-nng^.  which  ari>  tiattennl  and  expanded,  are  in 
OOntncI  in  the  niediim  plane,  and  vi^ry  early  fnsu  firmly  together 
tofonn  the  pelvic  8yn)phyt>i:>.  Tlie  dorml ends urc  more  tieuder: 
at  first  tliey  lie  frt-e  in  tlio  muscles  of  the  body  wall ;  later  tm 
tliey  become  oonnecteil  with  the  transverse  procesaes  of  the 
nintlt  or  vnenil  vi-rtcbrs. 

Each  half-ring  has  on  its  outer  aurfiice,  cloee  to  Il«  venfjal 
end,  a  depression,  the  cotyloid  or  acetabalar  cavity,  for  articnla- 
lion  with  tlm  head  of  the  lemur.  The  part  sImvc  the  no-tabulani. 


•ill 
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whicli  coiTPsjiniMlii  n-itii  iho  ecApnInr  [Kirtioii  of  (tiv  pectoral 
ffirdle,  ossifieii  as  tlit*  ilium  ;  in  tlic  pait  hf>]nv.-  tbc  acHaljuliiin, 
tbe  anterior  or  pubic  portion  ri'moins  (.-artibgiiHme,  wliile  tJie 
imstcrior  pi>rti<ni  os^iRes  as  the  ischium. 

Tire  i)t-K-iL'  girdle  is,  in  its  early  stagw,  anil  until  shortly 


Pic  Mt.  -Thu  skeleton  of  flit.'  Vtog,  bvch  (rom  tlMflonal  *urr«co.    Tfatkd 
RB|ini-s(a[i>ul4i  Kiid  »o«iiit1«  havu  bran  tvmoved. 

1,  vitntnluh  c,  wltwiKiiiu.  [I,  •iiinK-<rti[iulib  i,  vunelptul.  /,  fmim.  .i>.  rnnit" 
lorliTWL  fk  iiKMw]i^h  A,  liiinwnio  t.  Uiuoi.  t.  tanialmrmlt.  I.  owinuk  m.  iMtlll* 
Fi.  lamL  B.  |iru4tic^  f.  i^taytvM.  fm.  imnuaiUlB.  q.  qludnlB-JU^L  r.  ?«iUi>al"K. 
A otaadxaiit.    m  I'*™'''''!'"''''    ••:■  ■•a'*)  nUArn.    r, lltthhOiiilii.    %,wnmtftr. 


lirfoix-  thf  iiitrtjimorpliosis.  alwut  ihc  same  length  as  the  jxictoial 
};ii'tllf;    and,   like   this,  Ilea   nt    rlglit  angles   to   thp  vertebral 
column.     As   Ihi?   hind  tiniljs  lengthen,  diiring  onA  after  tlio 
nietamonjliosis,  the  vf  nlrn!  nr  ncelabiilar  piid  of  Iliw  ^irtllo  movM ' 
bnckwanU,  su  Itmt  the  ilium,  vrliicb  lL*u^heus  oont^i<39mbly  at 
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"fSpsaine  i\mv.  now  lies,  as  jii  iIk*  iidtiU,  almost  pAmllel  to  tlie 
barkiH<tK' ;  nml  lliv  liip  juiut  ia  »iiiltoti  U<  llic  oxti^iiK-  bugler 
eoit  nf  till'  bocly. 

c.  The  limbt.  Tlie  skf ifUl  rrnim-worlt  of  enoli  limb  il<.'velu|m 
fixnn  the  |ii-<j\iinal  towaiil^"  tlie  diiiiai  end  ;  tlie  humenis  and  the 
femur  bftiij*  lht>  tirxt  Itotios  to  be  diHercntinU'i].  The  radim  nnd 
ultui.  nnd  the  tibin  and  filjidn.  niv  nt  tirst  iiidc|](-udeiit  of  eacli 
irthrr.  1>ut  tht!  carliliigi-.K  of  e«cli  paii'  iiuon  fuse.  Of  the  digits, 
the  two  ptwftKial,  radial  or  fcibial.  of  each  limb  arc  c«tiwbli«h.>d 
Hrst  ;  thi-  others  budding  out  in  succession.  Thcn^  ia  koiik* 
doubt  ax  to  which  of  the  nvrmnl  livv  di^iu  i^  absent  tii  the 
hand  of  the  adult  frog;  and  lli«r  cmbrvoKigical  ovidencp.  thoagb 
nut  cundueivi*,  is  mtlier  iu  favour  of  tlie  view  timt  it  U  tli«  Rftii, 
ni)d  not,  OA  iE>  commonly  ht'M,  the  lirst  di^b  or  |Kj>llnx  that  ia 
waiirinfif. 
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Bdwiic,  A.  It. :  *0o  CcTMin  AbDumalitiu  ia  ilio  Codidiob  Ttag'    Qnortorlx 

Juiirniilnf  Mii-rfl*M>|MCAl  Sncnor,  xilv.     I8K4. 
Co(ie,B.  1>. .  -Onllic  Botalionnor  Ibo  lIj-oi4  niiil  UtJ<-  Elcuieotaof  tbcSlcdetaa 

in  Die  Dkmiehta.'    JaumiU  of  Mor^iologj,  11.    1 9B.S. 
DufH  A. !  '  UMherchea  tta  XOiXttAa^Ui  <4  In  Hfoloctf  At*  ZxauimM  A  laiim 

aiAAitniK  Af  «•.'    Mfanttlni'  tlo  rAcaiWmlo  iIm  flcdmoM.    P&ria.     1S3A. 
Datal.SJ.i-SnrteMvdoiipeaMnKtvrApparcUOinito-KriMiredslaarcBonlUe.* 

R««iir  <l«t  Kcicnov  Nilur*lh!*      1<I8S. 
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Beker,  A.T  •l«Oi)«i  rh7-*iol>ngK«e.'    Utpdg.    ISSJ-IU!), 

''I\v!  Aoatomy  at  iim  Frog.'    Kn^lisli  trnnvtiition  Ity  (>.  Hi>»t»in. 

OxforU.    l8Sy. 
Etlniiorr,   R.  von:    '  U«Iwr   ilrn   lUruiloporuh    dor   snuMD    Aiitpliibien.   win 

ScliickMl    uu<I    ni-in(>    BeiiirhiinKrn    euid    )iI(-it>cTiili?a   After.'     Zoolo- 

ITMChe  Juhrbllclicr;  Abihciltiiii:  Ttlr  AnatoiiiiciindOnlMijeaioiJeiTlilvn. 

iv.     1B90. 
Field,  H.  F. ;  'The   Dcrclnpnitnl.   <if  the  I'ronfiphnM  nud  Segmrmsl  Diiot  in 

Amplillna.'    Bullutin  of  Llje  JkriiM-um  of  Coiupanitiie  Atintnmy  nt  fliir- 

van!  Colli-e*.  sii.     l«fll, 
Fiitlirliiprir,  M.:  ■  Zuf  Eiitirit'.ki'lunf;"ler  Aui|jliibi<?ntiicfc.'    ItMilcIbcrg-     1817. 
(inirli 01111',  J.  W. :  'Tlir   ncvtloixiicni:  anil   Life   Hiwory  of  Hip  Tadpole.' 

Journal  of  MJcro^copinl  aiid  Natiml  ScJ'vni^«,  1. 11.     IK8K  Ami  ISfi'.*. 
Gocttf,  A,:  ' Die  Kntwickeliing»|fi»chicblc dfr  Unke.'     Ldpiig.     1875. 
Uvppcn,  E. :  '  Die  Eiiiwickluii^  uikI  (Ida  apiilerc  Vcrbnltcn  (tea  P&ukrciu<  def 

Amphibien/    .Mirphologinrhc*  Jnhrlnicb,  xrii.  IB91. 
U6roa-Haj'»r  »n<l   C.  van   Uambeke:  -Le  Vitilibulp  dti   In    llimclie  ch«s  lax 

Tf^iarda  dvb  Batnolisiit  Anunrot  <rEnro|>v.'    Arr.lii\-<s>  il<!  Bidlogit!,  ix. 

am. 

Utnvig,  0. :  ■  Dobes  iat  ZAlin^iUnn  dfi-  Atnphlblpn  uml  m-'Idc  Il«deutuii^ 

f<lr  die  Qwao  <loa  ShelcU  (k-i-  Muitdbi'lik-.'    .Vichiv  filr  mlkroikojiLsL-lic 

Atuitoinie^  xi.    Happlemrai.     1K74. 

'  Bi-itriijN  xur  KcririiiuH-ilpr  Uititun^,  Befruchlmi^  uml  Thrlln^de* 

(liiwiwhcn  Bics.'     >lt>ri>lJ«!oi.'i»cl)c«  Jnhrliiicli,  iii.     1877. 

>01e  KnlwIchluD^'  dp*  luittlervn    KGlinblutc'i  ilor  Wirbelthtere.' 

Jctuiiolic  ZtitaehrifC  fUr  XnlnrwlufiitchAft.  xvi.     1S8^. 
HIggiubotluuD,  -r. :  ■  Iiiflacaoa  of  I'li/elcul  Aevuls  on  tbu  Uavrlopmnit  ot  xbv 

IMpoteiiF  (he  Trit»a  iind  tbc  Fruir.'    I'bilonopliiuil  Timii«iicUoi]ii  oT  (be 

Royal  fioclfiiy.     IflJi*. 
Huickl«}',  Unry  11.:  'Notes  on  tliu  nci-doptnciil  vf  Itoiw  -I'lval ii.Ti.'     I'tu- 

ccaiiins^  of  ilie  Iloslon  i>ociely  nf  Nntiir&J  lll«<ory.     i)o<3. 
Haolistclter,  F. ;  '  ItdttSgc  snr  letKlcidirDdrn  Aiuitomif  und  Eiilw  iukelimys- 

(tttchioliw  d«0  VcDonayi*iaiii»  <\ei  .Vnitihlbivii  untl  Ffcche.'    llorpliolo- 

gisi'h'«  Juhrliucb,  xiij.     Ifti7. 
Uolliuaiin,  C.  K. :  '  Vait  Giitwickliiii);"$iM;hiditi!  rler  UrogenitJikirgiiiio  bci  den 

An»niDiit.'    Zt-iiachfifi  ftlr  wuicDsctiafiliolie  Zoologie,  il[v.     ISttft. 
Brann'i  KliuseRu]i(IOrdnDiigead«»  niienoiclu:  Ainpbibiu.    11C3- 

187B. 
KoniNiy,  F. :  'Ktadoil'Einbryoln^c  mr Ick  Vert£brb.'     Arcltivisd#  Zcwlogie 

Kipf'iliueniale,  jm> ;  aiul  Biill«tia  SclenilBniiie  ilc  la  France  oi  4o  !■ 

Ilrlgiqne,  IMII. 
Ilo«>ei  anil  Hid«woud :  ■  Oti  tilt  Carpnt  and  TaThtxt  of  the  Aiiun.'    Pnwtvdlngs 

of  tilt  Zciutof(1i.'fl)  Society.    li^S^. 
HoxU^y.  T.  II.:  ArtiL-lc  '  Atupliitiin.'     Knuyclupwdla  tltitAQalcd,  !)tb  «ditlaB. 

lh7A. 

KiiUiker,  A. :  '  ^'ote  snr  le  DivcloppenicDl  des  Tijins  olicz  1»  BKtnclcfU.* 

AnnslM  de«  Sci«no«  NAturcIlc*^     IHKl 
Laiabotiv.  31.:  -Ohkcn-Mlori^  Aniitoini<|uo«  n  rhyiiologlquacimr  lea  A{>pu«l1a 

Siui^loii  cl  Re5pintcd[r.%  dra  liHtnu-ienn  Anoure?.'     Ilnuielifli.     1837. 
UncBridc,  E.  W. :  •  The  Den-li^mt'til  .,t  i  b»  Ovtd<i«l  in  tt<e  Krotc'    Quub^ly 

Jnutnd  of  SlicroncopicEit  Soiense.  sxsUf.     IftflJ. 


EJRUMBAl'HY. 
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Ukllnrnw,  U. :  '  Vim  iler  S«i(eBUiiIa  «Dit  (hrmi  HbiatvofyMnni  heA  AinpltlWali.' 

MarKhnll.  A.  )lllii«*:  'On  Certain  Almorrad  CosdiliaM  of  tlM  llcpnaluvtivs 

l>r)rana  III  llii;  Frog.*    JchuiiaI  <if  AnUotnjrKwinjaiolenr.STill.     INSI. 
'  Thu  ('rog :  sn  Imrodnction  to  Aiuttomy,  BbtglofCTf  uxl  EmteTokicy. 

I(h  ttUlioiL    1891. 
3J«(>l<al1.  A.  UiltiM,  and  D1*>.  E.  J, :  ■T1>c  Dc^vlop(I>mt  of  Ibe  Kidncva  oinI 

Fat  Itixlic*  in  llie  Frog.'    iJiuUiw  trrun  ibo  Uiologhal  Lulramvik*?  tft 

the  <ivtstA  Coi;«^.  li.     IHWl. 

•'V\\e.  Drielopmonl  of  tb«  U1ooi)-v«M«b  ta  ihc  Pra(.'    Sliitliav  rroiii 

ilie  Biuloglc&l  Uitwntovwt  of  iti«  Ownu  Conq;*.  ii.    18Ml 
Utinrcr,  K.t  -Kcbikttlrtlse.Thimiiit  niidKI«mPW!«tlffd«rrAtn{itilU«n.'   Uutpho- 

kvlMliM  JKhrlmdi.  slii.     18ST. 

*  Dte  Kieoirii  uotl  iliro  ti*tH»w  b«l  UrcHtoUm  mid  Anurea.'    Uoqilio- 
le^ttMiliea  Jkhrbucb.  xir.     l)tH8. 

>  Dte  ornio    Ai>la^«  Act  Hill   und  d>«   erMo    Aoflrelvfi   van    Ijm- 
philiMhon  2«llcn  bei  ArnptiibSen.'    )lorpbiitogi*ch«a  Jaliibwib,  svU. 
1890. 
UelMhsikolf.   B.:  'Th*  AnoMinl    BiMory  of  Um  iBlMnnatov?    Pronrw' 

QtMTtMljr  JoDTunl  of  3lirr«tcvf>lCiU  SeUaech  SxIt.    1994. 
aienroK.  P.  <l«  :  *  HetTlit^oli?*  «ar  la  Df  vuliipiiMiMBt  do  Th/miM  tt  ila  la  tiUuIo 
HirTuTdo.*    IIccumI  K»tl  Sni»*«>,  lil.    tSM. 

■H'lr  l«  IX-volopiwinpjiliIr  l'tK><>phsg«.*    Comptcs  IUouIiib,  di.    1S8S. 
UcrjiiiB-l'niwlwii,  O. :  ■  KoeharDliM  «u  ten  PreinttrM  PIuims  du  IMvelupjmaeDt 

(l«  tUtnicien!<  Anoarea'    Aniwlo*  de*  DcIpdomi  Katarplla*.    1S7<. 
MormB,  T-  H, :  -  Oa  the  AmpliibJaa  Itlwtoparv.'    Siucti«s  frviti  t1i«  UialoK^cal 
Libunuurjr  of  Ui»  Jobn«  Mopkln*  UeiTerellr,  Iv.     IH9T. 

•Son*  Noir*  oil  >)i«  Brtv<1ir.i(  llnbita  mmI  Kmlirfology  of  Prog*.' 

AlMricm  U«tur»li.l.      Aoitn.I,  IHBI. 

KuHbaiUB,  M. :  •  Utbot  rton  lljiu  imtl  tite  TfaitiKkeil  der  DrduB.'    AttJiiv  t9r 

iitilcn>tko]>lMbo  Aonloiui*.  mvU.     IftSC 
Oir,  R. :  '  Note  on  the  Deirlopmeiii  <■(  AmpliibiMU.*    QwMicrly  JaurOkl  of 

UlmNoaplaal  Svlencis  xtix.    t6!S. 
Oilboni.  H.  P, :  *A  ConUlbDlion  lotl^  Inicnial  Slr>Mtnm  <>f  tbe  Aiu|dilliliiB 

Brshi.'    Jtiiimslof  MurphnloKf,  11.     li^HS. 
Farhtr.  W.  R.:  -On  tbe  titnictaiv  nml   Drvrlofnwni  of  lb*  HkuU  of   ibe 

(!aiiimoD  Kruit.'     I'hiliMojihiuiil  I'mtiMioliani^  I8TI. 

■  On  ilio  8tnw(QTo  Mill  Di'iFloi-iiictii  uf  ib«  Nksll  of  tha  Batrachla.' 

Pia)oM]>biciaTmnMCli<)Df.  IHTruind  I8H|. 

*  A  UoiinKtBiib  on  tbo  StiB-'tDn-  nftd  Dev«lapn«it  of  til*  SbOuldrr 
(linltvuid  t>t«mnm.'     Haj  Soctoij.     ISST- 

Pitf^nji.  .1.:  '  Dh)  Kittnlekelaiiit  iWt  KelmblStter  uikI  4«r  Cliiinta  Ik  imam 

ftrlnKtblaBit.*     AtmloiBWcbrr  .^nirjjjri,  1*.     IHHU. 
BabI,  V. :  '  Thvone  iW  llMO'lenuti.*    lloqilMlnnlviMn  JahHneb,  xr      1 88>. 
HAotiai,  A. :  ■  ftttultit-riiUM)  und   CnnuiMl,'      M(>r|ibo)cKiK'bo«  Jnbitiuch,  U. 

IMC. 
BuMikk,    K.   '  trnt<Traiii:hu]i(«it    iiber    <Im    Enlwickdang    dcr    WIrbeltliiere.' 

Jl4>tliD.     IMS. 
BoUiMOB,  A.,  and  AvilxMoit.  R. :  'Tba  FonnntiaB  uul  t'uto  xf  ilw  Pfltidll«B 

Straolt,  nitli  ObMrvattcww  mi  iIm  ArcbMMnn  aD<]  Ovfminal  UkTtn  «f 

IUm  Icnponiri*.'    Quarterly  Joqrnal  of  Uksroteapkvl  Scioncc  xrtU. 

lapi. 
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B(w»t,  U  :  ' l't:-ntrit>iito  nllit  lufttaMiiioBt  AtUo  bov«  d«^  AtilbU.     Auto* 

mtbchpr  MtBflgtr,  v.     1890. 
Hasooiii,  M. :  'DenrriHonr  aimlomicD  <ieg\\  organf  ilcllu  drcoluloiw  dsllaj 

Inn-n  ile1l«  SnliLmmidn  nqnatlcho.'    I^tja     IttlT. 
8cho«)}u1,  K.:  •Z\iT  pustvinbrj-oauliMi  En(wii;lcelui)|{  ilt-*  AiikmiW  AiaphtliW-* ' 

SoologiKhc  Jflhrbitclirn  Alnbeilunt;  (tlr  Anatumieund  Oi)ti>sii;iu«  -kr 

Tlitore.  fir.     ISIU. 
Scliultm,  P.  E..  *  IJclM^r  ilic  IniictMi   Kioin*n  dor  BhtrAalii«rlarven.'     Boltiii- 

lase. 

!jcliultn>.  <). :  >  Untpr«iicliiinj(ein  ilbirr  <\it  Roif  naic  nntl  KafnicbtUBK  i^cn  Am- 

pliibi«neifa.'     Zvit>cli[i(i  f<1r  wisst'iit^lisfilicli"  Zcologie,  sU.     1887. 
'  Die  Etitw-lckluuK  der  KcittiliUltlcr  imd  der  Cbordk  domlis  ran 

l^ann  ftiK-A.'    j^ell«clitifi  Mr  »i-Mn^hartlicbo  j^(xilag)&.  xlvii.     ISS». 
'  UcbcnlioKolii-icUuniidCT  M<'duIlaiplBttcdc.~<Ftairl)Ct.'    Vwband- 

liin^-on  d.  WjlrtbiiT>[,  ]>livi>.'iiiril.  OoKDiIx'hnU,  xiiii.     Ir^HO. 
Saliwiirtx.  D, :  ■  UiiKtmicbuu^i-ii  iIm  SobwaDumlci  ln-i  dea  Eaibtyuneii  der 

WIrbcllliEcrv.'    '/Mt'chritl  ffir  wlniotiAchaftliobffiZonloKic.ilniL     IKS9L1 
^liwiuk:  -  rniL-riucliuti^L-n  iibtfr  dii-   BiitiriokluHK  'li-*   Enilutlivl"   tind   d«rl 

B)iitkiiq>ercbDnder  Aniphlbion.'   Morpholofiischfa  Jubibiu::li,xvu,  llUl. 
Sods^ifk.  A. :  'On  the  Eiirl.v  Hoiclopoicnt  of  tb«  Anleriot  Pnri  ot  tbe  WdffiimJ 

Duct  and   Hodv   In   tbo  Clilclr,  togvtbor  wilh  looie    ICcmorks  on  thttj 

ExctBtary  SyrMat  uC  Hit)  YeiicbiHl«i.'    Qutuierly  Joujoal  of  MJcn^ 

«i;>i[iic.tl  Sci«[ice,  xxi.     IliSI. 
Sftlenks,  K, :  *  D«r  ombrjuimlr  Excrctionnpr"""^  ^"^  kicmerloMn   Hylode* 

HaniDlcen^.'      Sitiiiniitbenrltto    dt-r    ki<iiij[Ucbcn    Altndomio    ier, 

Winennchwfleii  »u  llctUii.     1881 
Sbora,  T. :  ■  Naioa  on  tlw  Hrlgia  of  ih«  Urer.'    Joumk]  of  Anfttomy  ttnit 

Ph.ir*iolrir.V.  XJIV.     18)11. 
Bi(li.'tx>  Ilium,  [t.:  'Nole  oa  ibp  Kiileof  tb«   Bkiatopore  in  ]tiui>  tunilMKrin. 

Quaricrlr  Joiirmil  of  Wicran-opicld  Telenor,  xxlx.     188*. 
Sp«DCer,  n'.  li. :  '  Some  Noics  rju  the  Kuriy  Um-Iuprue'iii  of  Bana  tcmponuii.' 

CJiuLTMrty  Joumnl  nf  Uicroieopicnt  Scmuov,  ntv.     SuppleineBt.     18S£. 
&[i4ng<H,  •!.  W.  r  '  Du*  UrngeMitiildjnUrm  dor  Atii)>tuhU'n.'     AibclWn  aoi  Ann.' 

saol«giRi:li>inotnmi<cli<'ii  InMilut  in  IVunbiint.  iii.     I8T6. 
Slflbr,  r.:  Zur  t:iilwk-klv<D}!-«;rMLiclit«  der  Aiiui«u*rhadeb.'    Z«ilMlnift  fUr 

wUMiueliadliclie  Zoologlv,  snvi.     18SI. 
Tomes  C.  S. :  *  (m  ttw  Dorelopinent  ol  tho  Toeth  oT  Ihe  Nc«t,  Frog,  fStow- 

worm,  luid  Gretm  IJutrO.'     Phil<ao|ihioBl  TrnniaetSon*.    ISTA. 
VIIIj,  V. :  ■  Th«  DLivlopment  of  tli<>  Kar  nn'l  Awtcwur^  Org*n»  tn  tho  Ootninoti 

Vntg.'    Qiuirtcrlf  Journal  nf  Uicrmraipical  Scinnu-.  txx.     IRIKI. 
Vast.  C:  ■  Uni«nuchiin|ceii  <H<9t  dia   EDlwicklanztgcwdiichtfl  d«r  OabinU- 

Ulhrkrfilv  (Alytaa  obMrtriCAM).'    Soloihum.     1813. 
WiUich,  Vi    II.  von :  *  Boitiigi:  mr  morphologiaotm  niul   bl8lob%1*cbeo 

Kbtwickfliin;  der  lUra-  und  Gl^«^lllM■ht«wwlU0llg•  dct  mcktcn  Am* 

lililblcii.'     YMtxhritt  (Or  wiMfnacbkftlklMt  Zoologlt,  Ir.     1853. 
Zlegler.  K. :  ■  Zur    Ki-nntnUs    der  Oberlliotienbildur  der  Batmi-Isibr/vnen.' 

AiMluniitclipr  An>«ii.-«r.  rii.     IK'S. 


Chaiter  IV. 

THE  DRVHLCyPMKNT  Ol"  TIIK  CHICK. 

<iENEItAL  ACCOX'NT. 
I.  Hiitoricnt  Sketch. 

Tlif  (ievi-lo|nriftil  ul'tln-  cliick  tia%  iiUrjicletl  grml  ul tt-iitiuii 
on  ocnjtiiit  iif  llti-  vnsv  with  whii-It  t-mbryo*  of  iu>y  tli-wn-d  i»p* 
tnny  \»  obtnintfcl,  nnd  or  tlio  .'4horliu>f»  of  th<>  imtUkI  within 
irhicli  the  cinlii-yoiiic  develo|iiiit-nt  is  conip!pt«l.  Ahnnet  all 
tliv  mrlu-i-  invtiitigntionH  into  the  dt-volopment  of  nninialt  wit- 
Duile  on  chick  einhiyw,  aimI  it  iii  nmml  th<>  chiok  that  th<.>  moel 
fluuomieiiibryolog'iailcontroverBiea  have  wntrvd.  Kwn  «t  tin- 
prwrat  day,  on  account  of  tlifii-  greot  couvtmiciic'.-  fi'i-  tabumt^n' 
parpDiwH,  chiek  vmbrfo^  usuiilly  afEbnl  tlii*  niatrrinl  from  which 
ibe  stiidpnt  deriveH  his  first  If^soii"  in  priu-lieal  cnihnolojfj". 

Kmbnology  iw  a  ecit-no^  is  Iwirrly  ihr-rc  ci-ntmics  oUi ;  the 
cwliMt  descnptiona  aud  Gfmres  of  the  develo|iiueiit  of  the  chick 
within  tho  p^fT,  ihnt  are  of  nny  real  vaJae,  are  contaim^d  in  twu 
tn-ati^o  ijuh]ish(.-tl  by  Fubridus,  professor  at  radiui,  in  1(>(H>  uid 
160 1-.  Half  A  century  Inti-r,  Hiirwy  itddtfl  importnnt  detnilit  in 
his  'Theorift  Genemtionis  :*  and  towards  thi-  closr  of  th*-  wvt-u- 
terath  r^itun',  in  1687.  Mnl])ig'hi  puhlighKl  thi-  first  accotnito 
of  chick  nnbrj'OH  Wt-d  on  iuicroero|)ical  eNamination. 

DuKiig  the  eight4N>nt]i  cmitiir)'  &<ii<  iicciimiitMi'-d  i-ft]>idli. 
but  tlir  tli«)riea  ijuilo  oiitpactil  tbiun  ;  ami  the  curiT-ni  doctrilif 
throughout  the  ocDtury,  cii|>|wi-ted  by  mtny.  and  notably  by 
HalliT,  was  that  of  FreformatioD.  nrrording  to  which  th<<  chick 
ms  HtftlcHl  to  tw  pn-!if  III  in  the  e^g  at  tht-  lim^  it  is  hiid  ;  nil  its 
parts  and  oiyans  being  there*  fmni  tbr  iK^nniug-,  but  in  an 
extremely  minute  and  unexpaoded  oondiliou ;  the  developnu-nt 
of  tiuf  embryti  b<>ing  rej^nU-d  as  a  pi-ooo**  companibli?  to  thi» 
nufoldiag  and  enlargement  of  the  ivvfral  parts  of  a  bud  to  form 
tbe  prifft'Ct  floww. 
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'HiIm  tV-my  <if  Prcfoi'uinliiiu  was  vigtii-oiiBly  oombfited  Hy 
(^])ar  Fripdricli  WMff,  who  in  l~oft,  when  only  twenty-six 
yeara  oltl,  piiblisliei.)  as  n  i\wf.\»  tor  tbe  doctor's  de^^ive  hh  theory 
wf  Epigenens,  wlijch  uffbiW  an  wilii-ely  new  explanation  of  tlie 
iiKH^e  of  ilevi'IoiHiiPii).  (>r  tin-  cliitk  «n(l  otlier  nnimnl».  Wolff 
ehowed  coiioluriivoly  that  ijt  the  hen'e  e^.  as  laid,  there  is  no 
train-  wliatevt-r  of  tlie  embryo,  or  of  any  of  its  part^  or  orgaoG^ ; 
Dill)  tli«t  tliii  IV)niiattoii  (if  ihe  enibryu  iUh^-s  not  coinnienco  until 
nftor  the  egg  in  laid  and  iiicubatLou  lias  begun.  He  aoted 
fiiitlier,  antl  descrilied  accurately,  iLe  manner  in  which  the 
•.-inbryo  is  formed  by  folding  of  the  germinal  layers  or^^ 
membranes.  ^^M 

Wollf  was  too  far  ahead  uf  hia  age,  and  his  conclusion*!,  ^^ 
though  perfectly  Hound,  did  not  obtain  Oicceptaace  until  tovrareU 
the  middle  of  the  pi-eeent  century,  when  their  correctness  was 
den loiist rated,  not  merely  for  the  ohifk,  hut  for  many  other 
gi-QUps  of  animals  as  well,  by  von  Uaer,  Keinak,  liiscliotf, 
K!ftllik«r,  and  others. 

Although  the  chick  has  iliue  [ilayetl  a  more  impoilant  part 
la  tlie  hist'Ory  of  embryology  than  any  other  animal,  it  must  be 
l^ome  in  mind  that  bird^  are  one  of  the  most  highly  sp<-ciAliM.-d 
groups*  of  niiiniiil.",  and  that  their  devftlnpment  is.  more  particu- 
larly in  the  flirty  sti^fea,  very  greatJy  modified.  It  is  practical 
ooavenit'iice  alone  that  jiietities  the  great  attention  tliey  have 
received. 


2.  The  Egg. 

The  hen's  egg  is  of  lai'ge  axo,  &nd  ovuid  in  shape.  It 
sists  (Fig.  '.'7)  of  a  colcarw>ns  shell,  lined  by  n  fibrous  libe 
rnvntbruio;  und  inclosing  a  quantity  of  a  viecid  albuminous 
lluid,  the  •  white  of  the  egg,'  wa.  in  the  centre  of  which  Ues 
the  'yolk,'  Y,  a  tpherical  mass  of  a  yellow  colour,  rather  moi« 
than  an  inch  in  diameter,  and  inclosi-d  in  an  elastic  vitelline 
mem  In-all  I',  to  wliicb  the  preservation  of  its  c<linpe  ia  due. 

Of  these  parts,  the  yolk  is  the  e^  propor  ;  ic  oorrespond* 
to  the  egg  of  Ami>hioxii*,  or  of  Il»e  frog,  and  from  it  the  embrj'o 
is  deveiopi-d  directly. 

1'h<-  white  of  the  egg  c<>rres]ionds  to  the  inveetment  of  ibe 
egg  of  .Aniptiioxue,  which  swells  up  so  greatly  ou  reaching  the 
water,  or  tu  tliu  jelly  of  the  frogV  spawn.     The  rgg-shell  and 
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ftliell  tiionibi-nii?  arc  protectire  envelope*,  wWcIi  nri*  not  n-jir*^ 
seated  ill  the  fr^fi:s  of  Anipliioxus  or  of  tlie  frog. 

Tbr  yolk  or  uviun  us  »«  in  otlier  aniinaU,  »  «iii)^le  cell  \  iU 
grenl  siw  ln-ing  due  to  tli<'  eiiomious  quantity  of  food  yolk  ac- 
cuinalal«(l  williiu  it,  uml  dUt^udiiig  it.  As  regurtis  the  quantity 
of  food-yol);  oontnined  nithjn  it,  the  linn's  egg  is  at  tbo  opposite 
extn-iiK>  to  timt  of  Auiphio\ui« ;  t)id  frog's  egg  being  midwny 
Ijeiween  the  two. 

It  18  iu' consequence  of  tlie  abundniK'e  of  food   timtt-rial 
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present  in  the  egg  itsvlf,  that  the  chick  embryo  is  eiiahlwl  to 
complftc  \H  (levtihipuient  witliin  twenty -out*  days,  while  Ih*  frog 
nH|uin>!>  tlin>i*  muiithti  or  mon\  and  Amphioxos  an  n'en  loiigpr 
time,  lilt'  AmphioxuH  lurvu  hntrlicAin  about  right  boon!,  but  in 
on  extft-woly  innimtiirrt  condition  (I'igs.  2.>,  HH.  p.  .",9)  ;  \\w  frog 
hatohfa  in  al)uut  n  fortnight,  in  ii  form  utterly  unliko  the  parent, 
and  devoid  of  mouth  ami  limbn  (Rgs.  72,  73,  p.  lO?);  tlje  cliick 
doce  not  te-ave  t  ho  egg  until  the  t«-<mty-firrt  day,  but  is  already  a 
fblly  deveU>j<ed  bird. 

A  large  amoUDl  of  food-yolk  la  undoubtedly  an  advontogr. 
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innsmtitili   n»  it  enables  t1i&  cmljn'o  to  <1eveIop  mpidly  and 
eecuR'ly,  niitl  frees  it  froiu  tlie  necessity  of  obtuiniug  food  from 
witliout,     Uowever,  it  Ima  also  \t&  Alsmhi&ranf^,     Food-yolk  t«j 
irself  inert,  ns  ali-eady  noMwd  in  rhe  ononing  chapter.     It  is' 
prMtent  iu  the  egg  as  a  number  of  gnmulcA  of  varioutE  sliapeH 
*wl  siiseei,  embedded  in  ihv  living  protoploaiii  of  the  egg ;  and  tlw 
immediate  eiiect  of  these  inort,  tniictif  i>,  yolk-gmnDW  is,  not  to ' 
aid,  but  to  meL-haiiiciiily  impede  the  proceKses  of  develo))inentf| 
an  effect  which  will  oeoessarily  be  most  marked  iu  tlio  warly 
stages,  when  the  fix>d-yolk  is  mast  ibbnudaut.     Ilenee  tlie  early 
stAges  of  development  of  the  chicle,  and  especially  the  pi'octfsiies 
of  Httgiiiutitdtiou,  uccui'  more  eluwly  timii  those  of  the  frog,  and 
much  more  slowly  tliaii  those  of  Ampliioxos, 

Moreo\'er.  the  amount  of  food-yolk  in  the  hen's  ogg  is  so 
givat  tJint  Htrious  distortion  of  th«  shajH-  wnuld  occur,  were  the 
wlii)le  inaan  contained  within  tlie  boJy  of  tlie  embryo.  To  avoid 
this  difficulty,  the  yolk,  at  a  v«ry  eavly  stage  of  developmeut, 
liecoiues  couHtrided  into  twij  purtK,  embryonic  and  vitelline 
i-espectivoly,  which  i-emain  coauected  by  a  amlk.  Of  these  (c/. 
Figi*.  90  mid  100),  the  embryoaic  portion,  Eil,  is  fonited  from 
Hie  part  of  the  egjr  compfirativeiy  fi-e*  from  food-yolk,  and  be- 
comes conTcited  directly  into  tlic  embryo;  while  the  vitelline' 
portiuit  or  yolk-Mit-,  YS,  which  contains  the  balk  of  the  footl-yolk, 
dues  not  give  rise  dii-eclly  to  any  part  of  th?  embryo,  but  forirw 
n  store  of  utitrinient  at  the  I'xpeiise  of  which  the  derelopment 
of  the  embiTo  in  offected, 

At  &rst^  tlie  embryonic  portjon  xs  \ev\  much  flmaller  tliftDi 
the  vittillm«  poition  or  yo1k*»ac  (Fig.  1)S) ;  but,  inasmuch  aaj 
the  embryo  grows  by  absorption  of  the  food-yolk,  the  yolk-sao  ' 
diminisli^^as  the  embryo  increases  in  size  (cr*.  Figa.  00,  tOD,  101). 
A  time  comes  when  the  two  aiv  about  equal  in  bulk,  and  in  the 
later  days  of  incubatiuu  the  yolk-^tuc  is  much  smaller  tliau  the 
i-mbrj-o.     By  the  twenty-fir&t  day  of  liicubntioo  the  yolk-sac  is 
nlinost  completely  absorbed,  and  the  chick  jiecks  it^  way  oot  of 
Uie  ahell.  and  liAtcht>.s. 

3.  The  Embryo. 

The  ben's  t'gg  i$  fertilised  betbre  it  is  laid,  indeud  before  the 
vgg-shfll  is  formed,  for  no  s|H-nimt(>zooi)  could  posaiUy  makai 
its  wity  through  tli«  sh^ll.     At  the  time  th«  egg  itt  laid,  not  only 
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.'has  fttrtJIisntioD  b^en  pffecttNl,  Intt  tbc  egg  bu  alreiid;  been 
'derclnping  for  a  i>t*riucl  wliic-fa  v.irio   in  diSVreot  caws,  but 
Amounts  ou  an  aveinge  to  aboat  figltleen  hours. 

When  the  egg  h  tnkl,  di-velopnvnt  iHops.  To  *et  !t  goiu^ 
'igiiiD.  to  start  develitpuu-nt  nlVt'sli,  all  that  is  neeeasaiy  is  that 
[be  egg  should  be  kept  at  a  tein)>eF»tiii-e  uboat  equal  to  the 
blood-beat  of  Uie  parent  bin!.  Thin  is  normally-  effectt^  by 
incubation,  tbe  hen  sitting  on  tite  i^gg,  and  so  keeping  it 
wirni ;  but  it  may  ho  cfiV-cted  «({aiiUy  well  by  artificial  means. 
A  certain  akinouiit  of  inoiiitnre,  nnd  frt-e  access  of  nir,  aiv  iiocv«- 
MTV  lu  iiHuiv  normal  d^velopnit-nl .     Tli«  »lo  of  dovclopinent 
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Pio.  W.— Tm  jolk  <rf  »  Hmi'(  Ent^t  Uk  tbtnr-Hxth  Iwitr  from  tlia  com- 
muifleniiait  of  inrnliali»ii.  The  fiiuctiire  ni  Uie  emtoros'*  UiU  »Uga  ia 
iJbovD  uQ  a  latt^'t  >>cale  In  Pig*-  1 )  1  and  11--     x  t- 
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riw  to  a  slight  extent  aoconling  to  tbe  season  of  th«  year, 

■uituuu)    «ggs   doveloping  more   !l<m-ly  tbaa  spring  egga;    ttr 

.  iiccordiiig  to  tlio  t4>mpi^raturf,  if  »n  artificial  iuculjator  is  eiii- 

ploycil.     Tbi'  It'ngtli  of  time  tlie  e^  takoa  to  tniTcl  dou'n  t)ie 

oriduct',  dtirisg  iba  wbole  of  which  tine  it  ix  developing,  varies 

lecrwiderably,  and  inclividusl  variations  may  occur  from   other 

> causes;  but.  as  n  rn1t>,  the  chick  liat^be^  on  the  tMrtnty-fint 

day  ftvm  tbe  commeuveioent  of  incnbntion.      The  age  of  an 

embryo  i.^  always  calculated  from  the  coiniii^nremcnt  c>f  iiiculw- 

tiuti,  or  from  the  time  of  i^acing  tbe  «gg  iu  the  incubator ;  to 

obtain  the  true  age   theru  must  be  added  to  this  the  time 

during  whicli  the  egg  was  developing,  Id  its  passage  down  tbe 
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ovidnot.  i(  poriod  fivora^fiii^',  u^  n-f  hav^  seen,  nitout  eighteen 
hours. 

Owing  to  tho  eiKTiDwus  tiiiiotint  of  food-yolk,  and  tJje  me- 
chanical hindrance  wbich  thih  ofti-r^  to  tbc  ]ii'ou«8si*m  of  develop- 
meni,  the  entire  yolk,  i.e.  tlie  I'g^  propi-r,  does  not  divide,  but 
segmcutJition  is  n'strict-ctl  to  a  small  circular  patch  (I'lg.  97,  HA), 
oil  tlif  HiirfA«;e  of  th.*  yulU.  wlticli  w  com]nirativoly  free  from 
yolk-jrraiiules.  iiml  uj  wliidi  di-vi^Iupiiifnt  can  rendily  tjike 
place,  niiis  patch,  the  ^nuinal  disc.  ^r^giiieuLs  to  form  the 
l>lastodenD,  »  mcmhniiiy  compoM-d  of'cwils  (Fig.  lOG),  which  lies. 
like  i»n  inverted  watcb-gl^is  ou  the  stirfac^  of  the  yolk.  T\io 
blastoderm  rnpidly  iitci^eases  in  diameter,  by  growtli  all  round 


«^ 


^9M 


■w— 


\V 


Axr 


Via.  ii'J. — Thi^  yolk  III  n  Ilea'*  Kfig  >t  <li'^  <^^  of  ^bo  tUitil  duy  ot  inouUition. 
'I'hc-  i^tnictuTR  of  the  embrro  ut  thi*  stage  ta  ^tfauwn  od  a  lai^r  aral«  to 
Figs,  liaand  114.     k^. 

AC.  vna  [kUuf(i]j.  oI  itir  liUiti-ilrtiu.    AE.  WM  oivis.     AV.  ans  nuadoM. 
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iia  inurgiii,  and  spreads  &o  ab  to  cover  more  and  more  of  the 
sufface  of  iUe  jolk,  which  it  iiHimately  incloses  ci»niplct('ly  (Fig*. 
88,  &fl,  lOO.  101).  Owing,  apparently,  to  its  less  specific  gravity, 
the  germinal  disc,  and  cousequeutly  the  embryo,  whicli  is  fonnod 
from  ilH  central  part^,  lies  at  the  ia\i  of  the  egg.  and  nearest  to 
tlip  body  of  the  hen,  howpver  much  thp  pgg  b«  rolled  over. 

The  crntml  part  of  tlir  hkistodi^nn  if  thin  imd  trannluceiit, 
ami  is  spoken  of  »=•  the  mva  pellucida  fl''ig-  98,  ad)  ;  the  inar- 
giitid  portion  in  thicker  and  less  transparent,  and  is  called  the 
area  opaca,  ak  ;  the  iinier  rim  of  the  area  opacn,  boi-deriug  the 
area  petlucida,  in  the  seat  of  uq  nbundant  formation  of  hlood- 
veiiw-ls,  and  is  called  iti  consequence  the  area  vascidosa.  AV". 
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The  tirsi  trace  of  tli«  i-itibn""  .ippeare  in  thf  ci'iitw  of  the 
area  pellavida,  almut  the  twentii-tli  lioiir  of  incubntion ;  tlui 
formation  of  iJie  embryo  consisting  essentially  in  a  proceas  of 
folding  off,  rir  cooi'triclioii,  of  (Jie  central  part  of  the  area  pella- 
cidn  from  tlie  rtwt  of  the  yolk.  By  the  miildli.'^  of  tliv  svvonti 
day  the  etnbrvo  (Fig.  98)  meosnres  about  h  mia.  in  Ivrngth,  and 
1ms  ncqiiirpii  defiuife  shape ;  th«  brain,  Mpiiml  coi-d.  henrt,  ami 
otlitr  orgnns  being  alroatly  established  (r/.  Pigs.   Ill  and  112). 
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1^  Vm.  lOa— Ttw  Uen'.-  I. .  _               .-.A  of  Ibe  Gfili  doj  of  Innbwlon,  MCB 

\  froB  iho  sEde.    'Jti«  ctnuMu,  which  uatnnlljr  U*"  wUh  Ua  Isfl  Mm  on 

■  tliA  jTollc-uc  and  Ito  right  aide  towarda  th«  (|ig.ib«n.  ha«  btoa  llfbMl  up. 

■  in  orrler  to  Aow  iu  iliapa  moro  olearlr.    Tb«  Mnctnre  at  the  Mtbryo  u 
I  thkilnge  i*«bowBon»1arptT»caleln  Pigs,  llluid  123.   >{. 
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The  enibryo.  at  thie  stage,  ties  with  it4  ilnnnl  surface  towartU 
the  aliell,  and  ita  ventral  surface  towanU  the  yotk.  Tlis  axis  of 
tlif  l>otly  in  Htniight,  nn<l  is  iisnaUy  diiwctvd  acroes  the  axis  of 
Ihc  «^  !  ihe  hea»l  end  of  the  ©mliryo,  in  lh<>  inajorily  of  ctumv. 
pointing  Hway  from  the  oli«ervt>r  if  tbp  vgg  is  placed  before  bim 
with  the  broader  end  to  his  left,  Theiv  are,  however,  prent 
Tariati'iii^  iu  Hiis  re^pt-ct,  nml  the  Axi«  of  thu  embiyo  may  funii 
almost  any  angle  with  that  of  the  egg. 
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At  thirfcj-sbc  hours,  the  folding  off  of  tJie  embryo  from  tbe 
yalk-snc  lias  only  madp  »liglit  prt^re-^s :  tlie  liead  of  tiia  embiTa 
(fig.  112)  is  lifted  up  abore  tlie  yolk-sac  by  »d  nntfirior  con- 
«trictioD  or  liead  fold,  but  the  sides  ani  tail  end  lire  (is  yet  (Mily 
very  imperfectly  dofinixl. 

By  the  end  of  the  thin)  day  grent  titbreace  lies  been  oindn. 
The  embryo  (Fig-  90)  \i»a  iucreaaed  l^>n.sid(>mbty  in  *\w.  Inj 
the  hmd,  which  has  grovrn  much  faster  tluin  the  body,  and  ifl 
iiow  disproportionatply  large  (Fig.  1 1 5),  the  nose,  eye,  and 
ear,  nnd  the  several  divisions  of  thw  brain,  ur-  well  retnbliebed. 
The  bond  is  no  longer  straight,  but  is  strongly  Rexed,  oning  to 
the  ilorRjil  surface  growing  much  more  rapidly  than  the  veotra). 
The  heart  oiid  blood-vessels  have  ncquinni  definite  and  ct 
terietic  armngement.  The  folding  off  of  the  embryo  from 
yolk-«ic  hiiB  Liaiie  considerable  proji^'ees  (Fig.  114);  the  head 
and  ni'ck  nn-  now  qnitv  fren  from  the  yolk-sac;  the  hinder  end 
of  the  embryo  i;"  lifted  up  from  the  yolk  by  »  (It-finttc  tiiil  fold 
(Fig,  111,  TL),  and  t]i«  side  walls  of  the  embryo  are  nmch  moi 
dearly  defined.  'Phi-  yolk-stalk,  conneciing  the  eiiibiyo  wit! 
tbe  yolk-suc,  Is  now  n  ^horl  tnb<:,  the  diatneter  of  which  is  about 
n  third  of  tlie  lengtb  of  the  embryo.  The  hinder  cikI  of 
embryo  still  lies  with  its  dot-sal  surface  facing  the  egg-«hell,  aiic 
its  ventral  surface  resting  on  the  yolk-sac ;  but  the  head  and  nee 
liave  rolled  over,  bo  as  lo  lie  with  their  left  side  on  the  yolk-suc 
and  their  right  side  towards  the  egg-shell ;  the  axis  of  the  body 
bi«oming  spirally  twisted  in  conseqnenCT!  (Fig.  I  Iti). 

On  the  fourth  day  the  folding  off  of  the  ombryo  me 
further  progre«H,  and  the  yolk-stalk  becoruea  greatly  uarrowod^ 
The  whole  embryo  becomes  strongly  tfexed,  the  dorsal  sorfa 
being  convex  along  its  entire  length.  The  body,  a*  well  k»  tb« 
h«ad,  of  the  embryo  now  liea  with  its  left  side  on  the  yolk-sac; 
imd  the  riidimenta  of  the  limbs  have  appeared  as  two  pairs  of 
sninll,  ill-deftncd  buds  from  tho  sides  of  the  body. 

By  the  end  of  the  fifth  clay  the  embryo  has  acquired  the 
slmpe  and  proportions  &bowu  in  Pig.  100.  Id  the  natural  condi- 
tion, it  Mix  with  ita  left  aide  on  the  yolk-eac,  witb  wbich  it  is 
connect*sl  by  the  narrow  tubtihtr  yolk-stnlU.  The  wholeembr^-o 
is  strongly  Hexed,  the  convex  dorsal  surfisoe  being  about  four 
tiioes  the  length  of  the  concave  ventral  surface.  The  buad  m  of 
relatively  etiormcos  size,  chicfiy  owing  to  the  great  development 
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oTttif  brnixi  veeiclt-^i  iiutl  of  tho  i-yes.  Tbc  linibe  aro  still  smftllt 
but  hare  iocr^asod  considernbl/  iti  size  as  comptkr^d  with  Uie 
«arliar  sta^fes,  and  already  hIiow  indications  of  tbeir  dl^-ision  into 
spgini-Dts  (Fig.  11a).  l-'roRi  tlte  imd^r  sorfftce  of  tbe  tail  of  the 
onibr^'O  n  ttaccular  dirortietiluni,  with  thtii  bat  veiry  vaacalsr 
walls,  arises  aa  an  outj^rowtfa  from  the  aliiuentnr]'  canal :  this 
ia  tile  allantoia  {V\g.  115,  ta),  a  structure  whicli  grows  rcrjr 
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yta  nil  .-ttM  Uea'i  Em  nt  the  M'l  of  llio  ninth  ilaj  of  iDCsbWlMi,  Men  In 
vertim]  Kotlon.  Tiw  «inbf7<>  nailnnillT  l!«t  with  tu  left  aid*  on  tlw  jrolk- 
MC  b«i  baa  boon  IKMil  up  In  ordvr  lo  >Jionr  Itn  ahapo  ia«r*  olwtt/.  •  |. 
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rapidly  during  tht'  etioci^oding  duyv,  nnd  lunna  thu  respiratory 
orgnn  of  iJitf  «mlirj-o. 

Uy  tbe  end  of  llw  ninth  dny  the  einbi^o  has  grown  coniu- 
dnably,  and  lias  nttninKd  thoshupe  and  proportions shumi  in  Fifr. 
101.  TIk-  l)ody  walU  iirf  now  dellnirt>1y  formi^,  and  rudinH^nlx 
■if  tlif  fwitlif  rs  fire  already  prMont,  The  b«ad  is  still  diapropnr- 
ti<>uutt*ly  laiye,  and  tbe  ^yes  aiv  of  ennnnoos  sice.  The  beak, 
vrfaicb  was  absent  in  thu  vurliur  stogvs,  bas  now  grown  oat  from  the 
frunt.  of  the  fiMM-,  and  ut  tiuce  givtA  the  head  a  clianu:(«riiitic 
avian  appearance.  Thu  iwck  is  louf;  and  eleuder.  llie  body  is 
inach  fuore  bulky  than  iK'for?,  largely  owuig  to  the  grvat  etize  of 
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tlie  heart  and  the  ILvor.  The  liniU  luive  greatly  increased  in 
length ;  thnir  scvcm!  segiuf  ats  an.-  wull  cstabliahiHl,  fttid  the 
divisioTi  of  llif  iSistal  ends  into  fingers  and  tot-8  is  vpry  evident. 
'Hie  wliite  of  ths  egg  h&s  almost  disappearud,  n  thick  and  very 
viscid  iiitts*.  WA,  alone  reiimining  at  the  Inwer  ^nrface  of  the  pgg. 
The  yolk-sac,  ys,  ia  still  lurge,  hnl  ila  vrulU  arc  llahLy.  owing  t<i 
tlie  iil<sof[)tion  of  a  large  part  of  its  contents  ne  food  by  tlip 
embryo.  Tlit?  allaiitois,  ta,  Iins  prown  enormonsly,  and  has 
spread  over  thu  back  of  thp  tmbryo,  nnd  quite  half  way  round 
the  intwior  iif  t!k^  e^g-shell.  It  liei*  c\cme  lo  the  shell,  so  that 
reapiratory  iutei-eliangea  can  i-eadily  tako  plaoe,  by  diffueloii 
through  the  poroua  shell,  between  the  gases  of  thu  blooil,  in.  the 
Teasels  of  thy  allniitoi»,  and  I  he  nir  oiit.tide  the  egg.  In  this  wny 
Hbe  respiratioa  of  the  embrj-o  ia  effected. 

Daring  the  aecond  half  of  the  period  of  incnbatioti  tiie 
changea  art:  of  ]««  iutcroet.  The  young  chick  6t«adUy  increwseit 
II)  sixe  at  llie  ex|)ensd  of  th«  yolk-f^io,  mid  gradually  acqaire« 
the  |)roportioni)  and  chutactei-a  which  it  lias  on  batching.  About 
the  fourteenth  day  it  shifts  its  position  so  ns  to  lie  leiiRthwayp 
in  the  egg,  rather  than  r«TOBs  it.  On  tho  twentieth  or  ttrcnty- 
firat  day  the  yolk-sac  is  nearly  nbsnrhed.  and  what  remains  of  it 
is  dravru  iulo  the  body  of  iJte  chick,  the  lM>dy  walls  closing  over 
it  at  the  umbilicus.  'ITie  chick  thrusts  Its  bi-ak  through  tlie 
shell  tnembmne  into  tlie  air  cliainbcr  at  the  broader  end  of  tiie 
egg,  aiid  for  the  0r*t.  tiuic  dmw.f  ivir  diiTctly  into  its  lungs. 
Invigorated  in  this  way,  ii  l>iie{iks  thraugh  the  shell,  by  lufiuns  of 
n  hard  kuob  on  Ihe  tip  of  its  b<-nk,  and  stops  out  into  the  world. 

TIIK   EUG. 
1 .  Fmniatioo  of  the  Egg. 

In  the  uiiibtyo  fowl  thore  OK  two  u\«ric*,  but  Id  tLe  count? 
of  development  the  right  ovaj'y  dteiH])pc»i:ii,  and  lu  tlie  ndult  heu 
ths  left  ovarTi'  iii  iilont*  presi'ut.  This  is  a  large,  irreguhirly- 
shapcd  body,  suspended  in  a  fold  of  jieritoticHni  from  Ihe  dorsal 
body-wall, opposite  tlie miterior part  ot'the  left  kidney.  Numerous 
ova  in  different  slagea  of  developmenr  projeet  from  its  surfiit-ift, 
varying  in  &ize  fi-om  dnst  shot  up  ti_>  sjihtTical  Ijodiea  au  inch  or 
mora  in  diameter. 

Of  the  two  oviducts,  the  right  one  i*  nidimentitry ;  the  left 
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one.  wliich  ntoiio  h  fiiiicLionnI,  fortiig  in  the  adult  lion  A  wide 

crmTolt)t«tl  tulw,  which  cominonccfi  in  front  with  ii  \oag,  obliqaei 

rnim«l-like  inuulli,  lK>i\loi'e<I  hy  n  ttiii1)ri»le<1  f<lg«,  nn<l  lying  in 

rcIoM  otiitact  with  the  ovury.     Behind  this  inouUi  comes  a  long, 

tconrolutcd,  but  thia-walled  part  of  the  ondnct,  aiul   then  a 

'■liort-  t^nninat  ]>aft  with  v^-ry  thick  wftlls,  which  oppns  into  the 

cIoacH,  and  through  thlt  to  the  uxteriui-. 

The  oTDin  at  the  time  of  its  diechargv  from  the  uvaiy 
fcooeists  of  t)ie  yolk  aVrnv,  iocloaed  in  the  vitelline  iDt^mbraue. 
Thv  ftlhnminoue  inTcstment.  or  '  whit«  of  thn  cg^.'  is  fonn<d 
nriKmd  Ihi-ynlk  hy  thi- walls  of  th«  first,  or  thui-wnl!wl,  part  of  the 
oviduct ;  and  tW  shell  ineiiibraiie  and  eg^'^hell  atv  ad<l<.-d  wliile 
Ilia  e^  ie  in  the  thick-wallud  terminal  purt  of  the  ovidnct^  jast 
belbns  being  laid. 

Hic  uvarii-ts  cuii  bo  reoogiiiaod  in  chick  cuibryu»  during  the 
thii-d  day  of  incubntioii,  as  a  pair  of  Hiightly  nir>diBed  tractfl  of 
the  i>nritonenl  (>pitfa4>linn)  which  clothes  the  dorsal  wall  of  the 
Inidy  cavity,  clow  to  the  r<»ot  of  the  niownt«'iT.  Tlii»  grnniiia) 
epith«liuni  ia  at  finl  merely  a  longitudinal  8tri|>  of  |>eritonfuin, 
of  which  the  component  cells  are  columnar  instead  of  ftqnamona 
in  slinpt*.  By  iTiultipUcntioti  of  the  pellii,  to  fonn  a  layer  several 
oclU  thick,  the  strip  becomes  o  itroniiocat  ri<lgv.  VoBcular 
OoiiiiecttVA  tiiiane  Mtnn  gcows  iu  along  the  axis  of  tliia  geiiilal 
ridgv,  and  n>i>difnt  it  Btill  more  conspicuous. 

Alpioat  Irom  the  iirstf  certain  of  (be  epithelial  oellH  of  the 
rnitai  lidge  differ  from  tht^r  fellows  in  (heir  greater  siitc  aotl 
Fmora  flpheriml  .tluipe,  and  iu  |x)sseesiug  nuclei  of  unusual  diinen- 
aUttw ;  thvae  larger  cellii  are  the  primitive  ova  or  gonoblaeCB. 
'rite  primitive  ov:i  rapidly  inoreJUH-  in  sixe,  mid  move  from  the 
Knrfaoc,  when'  they  all  take  their  ongin,  into  the  deeper {-uirts  of 
the  genital  rid^' ;  the  sinnller,  indifferent  epitlielial  cells  at  the 
w  time  bi'ootning  iinnii^'d  »(>  ns  to  form  folliclea  around  tliein. 
Tlie  t'ollicular  epitlu'lial  cells  serve  to  nouriab  the  cnra, 
twing  niilriment  fVoni  the  blood-veasehi  of  t\»  genitjd  ridge, 
'and  |xiM)iiig  it  uii,  probably  uE^er  elaborating  iti,  into  th«  oTUn. 
Widiiii  the  ovum  the  food  inatttT  undergoes  further  changes,  and 
isdepoeitod  in  the  form  of  gmnuleR,  frora  which  the  del)nit4>  yolk- 
grannleo  of  the  fuUy-furmod  egg  ore  finally  derivetl. 

During  the^e  changes  the  Dncleoa  of  the  primitive  ovum 
ijiereaaes  greatly  in  size,   and  acqniivs  a  distinctly  vesicnlar 
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t=.tructure,  witli  nne  or  more  nucleoli :  it  is  now  spoki-ti  iif  na 
llic  gii^rmiiifU  vosiclo  ;  nn3  Hit*  mtAblmlimviit  <i('  thi?  gfriniDnl 
vesicle,  together  witli  tlie  markeJ  incrwiae  in  eino  of  tin>  ovum, 
owing  to  the  accnmiilation  nf  yolk-jfianiiles  within  it.  mark  the 
conversion  of  the  primilivf  ovum,  wliicli  occura  iii  Ixitli  Jwxt* 
alike,  into  tjie  prnnnneiih  ovum  charnct<n'iAt  ic  nf  the  ovAry  of 
tbe  bvii  bird. 

As  tbe  egg  iiicreoseii  in  size  it  torms  a  ev^elllng  oil  the  snr- 
fitc0  of  the  ovary,  which  mpidlv  Ix-ciHni-s  more  prominent.  A 
iHtelline  membmiif  is  fi>rmfil  round  the  egg,  between  it  Jind 
the  follicular  epithi^liiitii,  and  apparently  derived  Irom  ttie  egg 
it«elf.  Tho  follicalar  epithelium,  with  Ihe  outer  wnll  of  the 
onry,  forni  a  vaBctilnr  cn.p»iile,  iavosttng  the  egg. 

The  nocumiilutioii  of  jolk-jrraiiulea  witliiu  Ihe  egg  continues 
until  this  has  reached  its  full  she.  From  au  Bwly  stAge,  a 
differeniN?!  maybe  ni>tioed  between  white  yolk-sphenv.antlyeillow 
yolk-sphrres ;  the  former  con.sisting  of  miTiuf*-  vesicle",  each 
OOntainiiig  a  highly  refracting  body;  while  tlie  latter,  which 
are  apparently  derived  from  the  white  yolk-sphei-ee,  are  mocb 
larger  bodies,  lilleii  with  niimeroas  bright,  highly  refracting 
granules. 

In  the  fidly-fonned  egg  the  whit«  nnrl  j-ellow  yolk-«ipbetT<<> 
are  arriuiged  id  a  very  definite  manner.  The  yellow  yolk  malce^ 
up  the  greater  part  of  the  bulk  of  what  we  call  the  yolk  of  Ihe^ 
egg  J  the  wliit*  yolk-spheres  forming,  fi)  a  somewhat  i!a8k-8hape<I 
plo^  in  the  centre  of  th<>  yolk,  with  n  neck  raaching  to  tbi' 
siuftce  at  th*  germiual  disc;  (ii)  a  thin  superficial  layer  invest- 
ing the  whole  exterior  of  the  yolk,  immediately  below  the  vitelline 
ineinlmine ;  (iii)  a  series  of  thin  concentric^  shells  between  the 
surface  and  the  central  plug,  the  spaces  between  the  suoceaRttr 
sbelLs  being  occupied  by  the  yellow  yolk. 


n 


2.  Maturation  of  the  Egg. 

'I'he  ripening  of  the  egg  is  accompanied  by  changi'a  iu  the 
□ucleii)-,  which  are  as  yet  only  imperfectly  known. 

The  nuelPHS,  or  germinal  vesicle,  during  the  growth  of  the 
egg,  is  larger  lutd  vesicular,  and  occupien  a  poaition  at  or  dose 
to  the  centre  of  tlie  ^g.  -^s  the  egg  ripens,  the  iiiicleujt  moves 
towards  tho  surface,  where  it  lies  just  beneath  the  vitelline 
fflsmbrone,  in  a  Kmall  lenticular  patch,  the  germinal  di»c,  which 
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is  compnmtiroly  Trov  froni  yolk-f^anulpe.  Tliu  iiaclvnr  inem- 
bruie  ilisappiarB ;  the  chromiitin  oK-inentii  fomi  »  rrticulamet- 
vrork,  which  tliea  becoiiics  distribatecl  through  Uiu  whole  nadoar 
Bobstanco  in  the  form  of  verv  fine  granuIcA;  and  finally,  ilie^e 
granales  run  together  to  form  tix  chromntin  rode.  The  further 
cbauges  bavt?  not  been  folluwed  with  certAinty  in  the  ben's  pgg ; 
und  iieitliei-  tbv  ftinaalioa  nor  tbo  cxtrasioa  of  poUr  todies  luR 
u  yet  U-on  SL-«a. 

'^<'  ^8-  which  ia  nov  rtpe,  is  disdiarged  from  thf  ov&ry 
Irj'  raplnre  of  the  wipHuIe  at  its  most  prominirit  jmrt.  Tlie  *gg 
i»  r«c«ir«d  at  odcv  into  the  oycu  mouth  of  the  o%'iOuct,  which  is 
dotely  applied  to  the  nvary  at  the  time,  and  then  begins  itti 
paawge  down  thi«  o\'iduct  to  the  extvrior. 

As  it  trnvolB  along  the  firet  or  thin-nalled  part  of  the  oriditct, 
Iho  nihil int^'n,  or  '  whitti  of  the  ogg,'  is  [>onn,tl  out  iiround  it  frotit 
Iha  walls  of  the  ovitJurt.  Tho  albnmon  is  clepo»it«d  m  b  eon- 
tinnoiis  ahet't,  whirh  is  wrapped  spimlly  round  the  yolk,  owing 
to  the  effff  bein^  CMUsed  to  rotate,  in  its  downward  passage,  hy 
tpirnllr  arranged  fold?  on  the  inner  wall  of  the  oviduct. 

Tliis  nitation  of  (lie  egf!  catiMs  the  spiral  twiiiling  of  the 
oordd  of  dcUBvr  olbuincn,  at  the  endii  of  the  egg,  whidi  ttru 
Bpokeii  ofaa  the  rlialasau  (Fig.  97,  ver). 

On  roaching  the  lower  pnrt  of  the  oviduct,  or  *  aterus,'  tlio 
shdl  im-mlnnnc,  and  finntly  the  shell,  are  deposited  on  tlie  outside 
of  the  egg,  which  i»  then  [MHited  int^^  the  doaca,  and  laid. 

Tbo  L-gg  takc-8  about  three  hours  to  travel  along  the  thin- 
wolled  part  of  the  oviduct :  in  the  Dtema  it  rennuns  for  n  rnri- 
sble  time,  estiiiinted  by  difTfivnt  authorities  a*  uiually  lasting 
from  tweWe  to  eightei'ii  Iiouii*. 

S.  Fertiliution  of  the  S^. 

TIte  dfl-iiiU  of  tU-  liTtilisation  of  the  hen's  egg  have  not  yet 
been  determined.  Tlu>  large  sixtt  of  the  egg  uffere  grval  dif* 
ficalties  to  tlie  investigation  of  tninate  duutges  iu  comiecUon 
with  the  nndeuK,  aiul  tltcae  dilBciiIttefl  have  not  yet  beun  mt* 
mounted. 

All  that  ia  known  with  certnioty  in  that  fertilisation  ia 
efiected,  either  in  the  i)p[>er  ]urt  of  the  oviduct,  or  possibly,  a^ 
•tated  by  Ci4te,  before  tin.*  t-^i;  Icavtrs  lht^>  ovary;  bo  that  during 
the  whole  tune  of  tbf  pas.->age  down  the  oviduct  development  ta 
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taking  pUcc.  Tlio  spennntoUKi  nro  reocivcd  t>y  tJic  lit>ii  aotn« 
time  before  the  luving  of  tbt*  <-gg8,  uid  ivtain  ttwir  vitality 
and  fuDctional  activity  for  about  a  fortniglit^ 

THE  EARLY  STAGES  OP  DEVELOPMENT. 

1 .  Segmenta-tion  of  fhe  "Egg.  , 

Segmentation  commi'Dces  about  ihe  time  the  egg  arrive*  in 
the  lower,  thicV-wftUecl  port  of  'hi?  ovitJnct,  op  ut«ru*  ;  it  is  cou- 
tiiiued  actively  duriu)^  the  stay  of  thir  egg  in  th«  utorus,  and  is 
oompleted  aboat  th«  time  tlie  egg  is  laid. 

SegmcntAtJon.  iu<  nIroa«]y  n<iliee<I,  Aom  not  concern  the  wI>o]t< 
egg,  but  is  confiaed  bo  the  germinal  disc ;  and  the  ben's  pgg  ik 
therefore  e])oken  of  a:^  meroblaatio,  iuosuiucli  as  only  a  portion 
of  it  talccrB  part,  id  th<-  procvsii  of  stgnieutation,  in  contradiatitw 
lion  to  the  bolobLAStie  pgga  of  Amphioxns  and  the  fixjg,  in 
which  the  entire  o^  i»  ili%'iilcd  by  the  firet  cleft  intu  two  eqoat 
parts. 

In  the  hen's  egg,  segmentAtion  conimetices  with  the  forma- 
tion of  a  vertical  groove  or  furrow,  which  runs  ocross  the  middle 
of  the  geriniQal  difc,  but  does  not  (juite  reach  its  edge  at  eill]«r 
end.  "This  i*  very  shortly  foIIowe<l  by  «  wwoiid  fnrrow,  crossing 
the  first  one  almout  &t  right  angles.  Four  radisl  furrows  S0(ni 
appear,  about  midway  betwe«u  the  two  first  ones ;  aitd  then  by 
cross  furrows  Mkch  segment  becomes  divided  into  a  eentnil  and  a 
[leripheral  portion.  Additional  furrows  soon  npt)ear,  both  radinl 
and  couoeutric,  and  by  tbe«e  the  germinal  disc  beootiiea  cut  up 
into  a  mosaic  ofsegineuts  of  invgular  shape  nnd  i^i/.r.  sejinratod 
from  one  another  by  the  furrows  or  grooves  (Figs,  102,  103). 

The  aegiueulation  is  slightly  excentiic  almost  &oai  its  fret 
cotnineneemen(,  the  furrows  extending  nearer  to  tliu  edge  of 
the  disc,  and  the  eegmentii  lM>iiig  eniulior,  Hi  oue  side  (the  lower 
side  of  Fig.  103),  which  corresponds  to  the  future  ix)3terior  end 
of  the  embryo  j  while  at  the  opjKisite,  or  anterior  part,  of  the 
gemiinnl  disc  tJie  furrow«  slop  sliort  fiirtlier  from  the  edge,  and 
the  eeguienis  un-  of  larger  size. 

Sections  of  the  germinal  di*c  at  tlie  stage  represented  in 
Fig.  108  show  that,  in  addition  to  the  vertical  forrowa  by  witich 
th4>  mosaic  piatbem  i.<;  produced  on  tlie  atirfaoe,  homuutul  defta 
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,■!«  n\fK>  forming,  by  wliicli  Hv^  ti^^tii«iib)  b6n>in<<  cxtnipletwly 
fcolatwl  from  one  aiioLliiT.  aud  fnjiii  tho  umK-rlying  yolk 
(Fig.  101,  ZA).  Tb?fM«  tiurizoiitol  clefli$>  like  the  vertical  ones. 
appear  first  in  Ihe  centR'  of  tbe  germinal  diw,  und  du  not  rencb 
its  margin  until  a  later  stage. 

In  each  segment,  or  cell  as  it  may  now  bv  t«iiii*d,  a  nucleus 
is  prwcnt  from  the  first.  Tlie  prccli^  nioiW  nf  oi-i<rin  of  tbeee 
nuclei  has  not  bei'ii  det^nniiK-d  with  c-rtiiinty,  Imt  th*-  liistory 
of  the  segmvutatiou  of  the  egg  in  Amphioxiis,  tlie  fiDg,  and  other 
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L-nnintl  (11m  oI  lb* 


JftC.  10S.— An  exi\j  tUtgv  1»  tlw  H(tm«m.UL<<!i  < 
U«n'iE^.    (Aflcr  0>*i4>.  Aiwl  l>iival.>     ■  li>. 
1.  I(M.^A  UUtr  xliiKt,  in  which  tht  KO'^iinnl  disc  hnn  tiKn-Manl  in  mm.  U>d 
Um)    M)|rniwiiU    tiaT«i   t>^   further   iliTUIon,   bocuto*    anwllcr  »md  mora 
namaioa*.     (Afl«r  CoMi?,  ntxl  thivolj.     x  10. 

Iloth  thcK  Bguraa  w  fr&iu  «ggi  ukra  (rooi  itie  luwcr  [nil  of  llw 
uvWuct  of  ibe  ben, 

ouiinaU,  leaves  little  donbt  tluit  the  nuclei  of  all  the  cells  ara 
<lenr4M],  by  division,  fVom  tho  ^ingld  acgtnentatioii  nnclcnsof  ibe 
feniliiiecl  egg. 

Th«  n-*u\l  of  t]ie  ptwes*  of  ecgmrntatioM,  up  to  thv  point 
shown  in  Figs.  103  anJ  10-1,  iatlm  furination  of  neap,  occupying 
ibe  centn*  of  the  gvnniital  diec.  aiid  i^oDsiding  of  a  ^iiigli^v  Uyci* 
of  uuclriiled  ocUe :  of  tbeer,  the  cent  ml  om-t.  x.\,  oiv  euiall.  iukI 
n)iii[>1et<:ly  i»ol.-it«(1  froui  their  neighbours,  n»<l  froiu  ibe  uiidvr- 
lying  yolk ;  while  the  marginal  ows,  /.B,  are  largiT.  aiu)  ure 
only  inipeifectly  niarke<l  off  fi-oni  t!M>  yolk,  tlie  horL7/>ntAl  cleiU 
baviiig  not  yet  nppi-arecl. 

The  process  of  m^gmentation  itoori  extendi  into  the  de«ii0r 
|Uirt  of  the  germinal  disc  ;  and  by  »  further  >wriva  of  cXetta^  in 
differ«nt  planes,  thii}  dtfpcr  part  of  the  diw  ln^comes  cut  up  into 
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cells,  wbicli  t'rctm  tlio  fir>t  atv  nucleateil.  and  uro  Arrange  in  \ 
layer  two  or  tbrei^  cells  dt'eji  (Fiff.  10.'),  ZL). 

In  thin  way,  shortly  bcfonf  tliw  time  of  lajiug  "f  the  tgg,  the 
gemiinal  tllnr  beconifs  con^-erteJ  into  a  cap  of  cells,  ^poketi  of 
w  till'  Hwtodenn  (Fiy.  in.')).     Of  these  cells  the  appermost  or 
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101.  -Aeolian  Ihrough  the ^niiiiutl  (l{«.-undwt>»nt  |iart<  iif  tliG  jrolk 
o(  tk  Hon'4  H^  about  lli«  middle  uf  ill  ■htj-  in  the  ateriu  Tbc  ptnu«  of 
■•ftctlnii  ciimM|<i>Dd<i  lo  11  vurliuul  liuu  dravu  ttiiu-aich  iLo  cciilrv  <it  Fijc- 
103 ;  tliic  rlght-bKiid  iav\  of  Fig.  ](»1.  wliii-h  ia  the  Fiiiurc  xnCnrior  cnil.  oor- 
ivapomliiig  to  iba  upper  borjar  oE  Ki^.  K<3;  aod  tba  Inft-hsnil  raH  af 
tig.  lO'l  Iatti«bjVLTOTtn">uriur  border  of  Via.  lOS.   (Allcr  IhinJ.)     x'tb. 

rrma  (l«  luU.  VXi.  (■iiu'lo.  Y.  }'<lk.  ZA.  o'Jiiit<'"«>  Uutumnv^  8B>laean|iMitfrJ 
Mpmtol  UnnuiuRv- 


niust  supet'Gcial  lajvr  (Viy;.  lO.j.  e),  wliieli  wn^  the  fiist  to  be 
definitely  cstablisliei],  constitutci>  tht^  apiblast;  it  con-'^ietd  of  n 
UDgle  layer  of  eetlii.  nnd  is  scjitu-ftted  by  »  very  ^liullow  »puco, 
the  blastoccBl  CI-  segmentation  cavity,  ii.  whidi  appears  in  stectioii 

«.  6  B     XL  N'  Y 

111!        I 


Fifl.  1(K!.~- fen  leal  seciion  of  ibe  blofioiloriu  and  a<ljsccnt  part  of  the  folk 
of  a  ticu's  tC^uwanb  ihe  clo»c  ot  srKmrniRiloii  The  anterior  etwe  b 
to  till)  rij(ht,  ihi!  pmCcrior  oIbp  to  tlin  left  liami.    (After  Duval.)     xi6. 

B. I>l>»i«ii4 or  •arnwiilHll""  m'tt/,  B.  .iilMn-I.  K'.  "in-lcot  ot  bluUmcn. wlilpli 
■•jiMUatilr  (uoiiuiilitctr  ariKrHtvl  nwa  ili>  .vulk..  7Ia,  vwanlh  T^«U.  XIi,  one 
lit  tlia  InwrliLj'ii' erlb  rtr  liUttonwrtw. 

«s  a  men  eliinl;  or  split,  from   the  clee|>er  mass  of  cwlls  wbich 
may  hp  spoken  of  colltctively  us  lower  layer  cella,  zh. 

During  the  reflt  of  the  time  that  t  ho  egg  *tny*  in  the  uteruti, 
while  the  »'ti!:g--»hell  is  forming,  the  prtcesn  of  aegtnentntion 
conttuufs  .ictively.  The  cleftsextend  bo  the  edge  of  the  germinal 
disc,  which  becomes  eliarply  markfd  off  from  the  yolk  beyond  it ; 


THE  BLASTODERM. 


tiS5 


KnJ.W  mpii]  divieiuti,  rlio  o«1U  bL-<!om«  of  Denrly  uniform  Hue  iii 
all  partH  of  tlw  bliHtodfrni. 

Thf  low<T-]ay«r  wlls  l«'Coine  inorc  sharply  Beparated  rn)ra 
the  yolk,  a  opace.  fiU«d  nritli  lliiid,  appearing  bcnestb  them,  be- 
tvre«ti  tht"  blaHt-xlemi  mid  the  yolk.  TKU  ipaee,  tlie  nbgar- 
minal  cavity  (Fig.  lUO.  Kv),  is  Kometime^  tijwken  of  an  the  aeg- 
meiitutiuii  cavity ;  a  name,  however,  vrbicti  ought  to  bo  rwtiictcd 
to  tLo  nnrritw  cliiiilf  lii*tiveeit  llic  epiblast  niicl  iho  loncr-laf«r 
eiille  (Fig.  105,  u),  which  is  clearly  visible  in  the  early  slagei, 
bnt.  bei-ninf^i  prncricslly  nblitpniteii  iipforf  the  tigg  is  laid. 

Kound  its  inai-gia,  tivn-  cvlU  nre  still  being  ctitoul  of  tlie 
yolk,  and  added  on  to  the  l>laRtodE^rra.  Some  of  tho  cells  which 
arifie  in  thi^  way,  nut!  lit'  bi-twei'ti  iIip  edf^  of  the  Uastoderm 
ntiil  the  yolk,  are  markedly  larger  than  luiy  of  the  othen>,  and 
are  spok<<ii  of  as  foruatiTe  eeUa  (Fig.  100,  zr). 

If    t.  -  - 


tte,  IflR.  'Vettif&l  MKIkin  ot  lie  bbutt.uluriu  MDil  ndjicmt  piifl4  of  tb«  yolk 
uf  n  lice's  Bt£R  ul  (Ihi  tiiup  ot  Uyiuk'.  but  b«tucu  iIh'  ONiiuiuaiM-mcat  of 
inpdbjiUoD,  TtM  iMiUrlor  tAgn  of  llw  Ukilodcriit  U  to  itic  H)(li(,  Ui« 
pOTt«rtor  «dg«  to  tba  Uft  »(do  of  tha  flfVC    <  After  DvTml.)      m3i. 

BT.  Mbprnbiil  (■tui'.  B,  n<i*M.   H.  Ii}>>Mhi.   H*.  uh^u*  <•  jMk.  iwM 

whMianllwiabikinMiO^lMtT.    Y.foU.    ST. MnuMhV 4(0.    EUIvvu^jr adK 

2.  Th«  Blastoderm. 

a.  The  condition  of  th«  blaatodemt  at  tlie  tbne  of  laying  of 
thA  6gg.  The  nelunl  fclaf,'!-  of  ilavi^!o|<ni>'Ut  rv^aehed  wlim  the 
tgg  is  Inid  d<>i)end8  on  the  length  of  time  tlu*  egg  rennmnK  iu 
the  ut<Ta«;  and  this  wo  bare  E««n  is  subject  to  considerable 
variation.     Tlw  followiug  deacriptiou  will  apply  to  sn  average 


Naked-eye  examination  shows  the  blaBtoderm  (Fig.  97,  ba) 
to  bo  a  xmall  circidar  patch,  about  S-o  ram.  in  dinuift*^.  on  tli«- 
snrfsco  of  tht*  yollc :  owin^  to  its  teas  BpoeiHc  gravity,  the  blaato- 
denn  is  always  uppermost,  however  macb  thi-  egg  be  rolled  over. 
The  bta-Htodvnn  coii^ii^ls  of  a  tnai^inul  white  rim,  rhi-  area  epaea, 
thicket  at  the  posterior  edge  of  the  blastocbrm  (Fig,  lOB,  zp)  ; 
ani]  n  central,  circnlnr,  nnd  tnure  traiislnoent  porlioii,  th«  area. 
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pellueida.  B^'Vond  th«  f<lge  of  tli(>  blnBiwIenn  (Fi^;.  i*7)  ihci 
yolk  sliows  one  or  rnrnv  hnxul  concentric  l«mds,  alternately 
darker  and  tighter  in  npjicriimnce. 

Sedioiiit  of  tlie  LlastfKleroi  at  this  stage  (Fig,  I(J€)  sliow 
that  it  coiifeists  of  two  distinct  layers  of  ce!U.  (!)  The  uppt-i" 
layer,  vv  cpiblut,  r,  is  a  ccntinuou!)  mtubmiie,  formed  of  Bin&ll. 
rhort  coltimriar  cclb,  varying  very  Utile  i»  hii!^,  ant)  packed 
closely  togol)i<!r  sid«  by  side. 

(iij  The  lower  layer  consists  of  cells  which  are  more  toossly 
arranged,  nnd  which  van,-  a  good  deal  in  shape  aiid  aize  in 
dilferent  part*.  In  the  area  pellueida,  or  middle  portion  of  lh«> 
blastoderm,  they  form  a  thin  layer  uf  somewhat  tlalteii&d  cells, 
H,  only  one,  or  at  mo.it  Iwo  colls  in  thicknt-**.  At  the  margin  of 
the  blastodenn,  or  ai-ea  opaca,  the  cells  become  more  nanieronB 
and  more  spherical  in  shape,  forminga  thickened  rim  which  rests 
on  the  nnderlyiug  yolk,  and  in  which  the  large  formntivc  cvUs, 
7.F,  arA  found,  fspecially  neiir  the  posterior  margin.  In  the 
yolk,  oa  which  the  edge  of  the  blastoderm  re«i»i,  nuclei  fJ'Sg. 
106,  s'>  are  present,  round  w)iich  cells  are  fonned  nt  a  Inter 
ntngv,  am]  ndiUil  on  to  tlii^  niiirgin  of  the  bhisfodcrm. 

Reneath  the  ai-en  pellueida,  and  sepnrntin^  it  from  tho  bed 
of  yolk,  r,  is  the  subgenuinal  carilv,  bv;  a  iTell-tnarked  space. 
tilM  with  fluid. 

b.  The  growth  of  the  blastoderm.  Ronnd  the  margin  of  the 
blastoderm  the  epiblust  and  I  ho  lowt-r-lnyer  cells  are  at  first  con- 
tinuous with  each  other,  but  shortly  U  ivn.'  the  laying  of  the  egg 
Uiifl  continuity  i^t  lost,  escept  iit  tht-  posterior  horder,  where,  as 
ftfaown  on  tJm  left-hand  side  of  Fig.  IOC,  the  two  Inyei^  are  still 
oontitnioas  with  each  other  at  the  time  the  egg  is  laid. 

Ai^er  incubation  liaa  commenced,  the  blastoderm  «premd« 
rapidly,  ivtaining  il-i  circular  shape.  By  the  end  of  the  first 
day  of  incubation  it  is  about  the  abio  of  ii  sixpeaw;  aud  by  Ihe 
end  of  the  .second  duy  it  lia-t  extended  nearly  half  wa^  ix>uU(] 
the  egg;  after  this  it  proceeds  more  slowly,  the  complete 
inclosure  of  the  yolk  not  being  effcct^-d  until  about  thr  seven- 
teenth day. 

In  this  sprea<1ing  of  the  lilastoderm  ('■/.  FSga.  93  and  £'9) 
the  pei'ipheral  part,  or  area  opaca,  grows  much  more  rapidly  Ihim 
the  central  area  jicllucida ;  the  area  opaca  n-ttunB  its  circular 
untline,  bni  the  area  pellueida  (FigH.  93  and  99,  ao)  vrry  early 
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aee  oral,   and  tlieo  pyrifurm  in  sliii|»e,  the  I.TOader  eud 
corrMpODtltiig  to  tho  ftoUM-ioi-  ond  of  Iho  «iiibr}-o. 

The  two  laynni  of  the  bioHtodenn  gmw  inilependently,  Tho 
cpiblft^t,  after  it  has  become  free  from  thf  lower  Ujer,  extends 
slightly  beyond  tJiiSj  so  that  it^  nuti^in  rests  directly  on  the 
yolk  ■  itg  furthor  sprending  is  effected  mainly  by  divistoi)  of  tlw 
aliviidy  Ibmied  cdl»,  stimiilatoc!.  no  doubt,  by  absorption  of  nntri- 
iDt'iiC  iVoin  the  yolk  on  which  tlii-y  iire  lyii>^.  Th«  Iowri--layer 
celU,  aft^T  separation  from  tlifi  opiblaat,  bocome  directly  con- 
tinuous at  their  margin  wiTh  th**  yolk,  fumiing  a  thickent-d  rim, 
epoken  of  as  tho  germinal  wiill ;  the  fXt«nnon  of  tho  lowor- 
lajxr  crlli*  lit  efTectod  principidly  by  the  additiun  of  nirw  wlls  cut 
out  Iroiii  thf  yolk,  but  i»rtly  bI»u  by  dirisbn  of  the  already 
Ibrmeil  cellci,  as  in  the  epiblust. 

3.  The  Hypoblast 

A  ft'vr  liuvm  Hft«r  tlii'  commencement  of  inciibadon,  the 
lower-layer  cella  undergo  importaut  changes,  by  which  the  hypo- 
blast and  ine$ohlnst  l>ecomi>  rstnbliiihed. 

In  llir  atva  |)olluo!(ln,  (he  iiinjority  of  the  lower-layer  oi-IU 
biKXHue  flnttenod  bonxonlAUy,  and  nnite  at  their  edgea  so  ua  (o 
fbrm  a  contlniiouR  celltilnr  mrmbninc.  the  hypohlast;  a  few 
i&ohited  lower-layer  tvli;^  nn-  left,  bftwe^-ii  tbe  vpibluist'  and  tlie 
hypoblast,  which  take  part,  M  will  bo  noticed  immediately,  in 
the  formation  of  the  mesobUst. 

tu  tilt'  oroa  opocB,  or  marginal  part  of  the  blastoderm,  tho 
dilTrnmtJation  of  the  hypobliut  aa  n  distitict  cellular  meinbraae 
ocetirs  somewhat  later  ;  and  tli<>  hypoblast  cells  of  thia  rpgton, 
which  are  large,  and  cubical  or  Hlightly  colnnmarin  shape,  differ 
mnrkvdly  from  the  thui,  pavement,  bypo1^a»t  cella  of  t\w  aratk 
pelluotda. 


I.  The  Frimitive  Streak. 

At  tho  |>o«U-rior  boiilcrof  tlio  hlastodonn,  as  noticod  abo\'e, 
thi>  fuMoo  of  the  ejiibloiit  and  lh«  lowcr-Iaycr  fl^lla  persists 
kNigCH*  than  it  doea  round  the  rest  of  the  blastodermic  rim ; 
and  in  llie  ^g,  at  the  time  of  layiug,  a  cre«c«ntic  opacity  is 
visible  at  the  posterior  e<Ige  of  tho  bkstoderm,  marking  tluA 
line  of  fiision. 

As  thc>  blastoderm  grow»,  during  thu  earlier  boun  of  incu- 
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bation,  tliis  opAcity  liecomos  Ifingtlicnod  out  into  a  linear  band, 
tlie  piimitiire  atxeak,  whicJi,  stju-ting  from  near  the  renti-p  of 
the  blaeloderiii.  ext-eiids  V^ackwanlii  aci-ui^s  the  &reu  ineUucitla 
towards  ite  mai'gin.  Tlic  inercnst-  ia  lengtli  of  tlie  jmmitire 
Streak  is  offi.'cted  almost  entirely  by  growtJi  backwnnls  of  its 
hindtu'  end,  tlie  anterior  end  lengtlicning^  very  little,  if  at  nil. 

Tlie  area  pellocida  gi-ows  more  rapidly  m  ita  [XMit^iitir  tliaa 
in  its  antorior  pai-t,  and  from  About  tli«  tif^i>CDtli  hour  l>ecoinee 
pyriform  in  outline.  Thu  primitive  ntieak  keeps  pac«^  with  tbe 
giwtt of  tJie urea pellucida  ;  and  aljotit  tlivtwcntietli  Lour,  wlu-u 
tbe  area  jiellucida  ia  markedly  pyi-ifonii  in  sliajw  (l''ig.  1 1^'/,  Jit'), 


AD. 


-HP 


AK- 


^-PS 


Fki.  107.  -A  ill  1. 1:1 i.iiii-  li.i.Lu  ol  the  blustoitonn  o(  x  HctiV  E^ai  nlnuL  Iho 

twfiitiir  ii  hintriil  jiiiiiiiiiilGn.    (Id  ^ft  alter  UuviiJ,)     xH. 

AD.  Mi«  [I'tliu'lilu :  till  inn  left  whlu  ooiuIim  at  tartlilMC  wid  hjiaUui  klmic  :  In 
llii'  ItlTuIi'r  |HTi  <>I  llic  gi^'iirvnn  tm.  Cinwnl  bT  tin  Usiil  ttMtUt,  OOTriAM  h  rnvin 
fii>  «vll.  A&  K'***  u^Jav^n-  H,  duLU«l  Ueic  iiHicvllilfr  iLa  lHiiin>liir|^  of  tJkr  li44<'x tlklaA, 
BTP.  ii^uml  ipIuip.  11-0  Eirti  UiiTuunnii'ttucui  vf  iln'  ■■viiinJ  iicrtam  •jriuin.  FS.  iiniulUr* 
-Untk. 

the  primitive  streak,  ra,  forms  a  well-defined  opaque  band 
stnttvbing  nbout  two-thirds  of  tlie  way  across  tlie  area  {Wliictda. 
The  anterior  end  of  the  [jrimitivp  alrcak  is  sharply  defined  ;  the 
poKlerior  end  is  less  dL^tinct,  is  otVn  irregniarly  bent,  nnd 
nsunlly  dies  sway  a  short  dietaucv  before  rcnt'luiig  the  vdgc  of 
Oip  nreti  pellacida.  A  shallow  median  furrow,  llie  primitivs 
groove,  ruiiK  along  the  whole  length  of  the  primitive  tttreiik. 

Transvirrn,-:  sections  of  the  blaatod«i-in  (Kig.  108)  kUow  that 
iho  primitive  iilri'fik  is  formed  by  proliferal ion  of  cells  fiwm  th* 
under  surface  of  the  t>pil)last,  in  thy  median  line.  Th«  cells 
grow  downwQixIs  as  a  solid  keel,  which  spreads  oat  right  and 
li>ft  AS  a  horizontal  sheet  of  cvllg,  m ;   thcM  are  sphcricul  in 
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|faB|M>,  rnthei*  rloevlv  packet]  togetlu-r,  tutd  Htuated  bvlwi-en  tW 
'i^bliwt,  r,  ftiid  tlx'  livpoUiutj  H. 

The  pritnitire  strrak  iippeai's  tiefure  niiy  trace  of  tbe  iiiir- 
voius  or  other  sy^t^tias  of  tlie  eiiibrju  has  ci>inim*iK'etl  to  fiirm. 
IIm  nievamgof  tbe  |ii-imitive  str«sk  has  beea  mncb  diBcussL-d. 
but  it  is  now  gutiiTAlly  u^^re^  t.hnr.  it  ooriic«]>ua(U,  nt  any  rate 
in  {lart.  to  llie  lip»  uf  the  bloslupui-i'  in  tlm  fn>g,  which  huve 
becotiii.'  ivngthonpd  out.  nod  fus(-il  logeiber  j  the  primitive  groovu 
marking  the  line  or  concrescence  of  tJie  lips  of  opjxxitc  sides  of 
llii-  binsioptin*.  'iTii-  aiiit-rior  enil  of  the  primitive  strefllc  in  the 
cbick  certainly  curreopoiicl^  tv  thv  tirttt;riur  or  doi'snl  lip  of  t)ie 
t)ln8to|Kir<.-  in  the  A-og :  but  it  is  not  quite  clear  wb.*tfaer  the 
pntin.'  Ifiigth  of  the  primitive  Btivok  is  to  U-  ooiiiparetl  In  an 
clongat<.-d  and  druwu  out  bluittopore,  or  nhelJit- r  thv  liiiidt-r  |uirt 
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Fin.  lOH— Tnumene  Miction  iorocn  (be  blaatodon  al  a  Uett'*  Ejot  ihoai  llie 
twcntictb  boor  uf  tnonbuuin,  lli«  MCiioiv  iMmiiK  ilmnixb  tha  prtnilUva 
•trckk  aboiM  iha  midilU  of  lu  lengUi  (_i^.  Vt^.  IDI).      h  3tM. 

of  il  ifi  nut  rathiT  diu>  to  the  p«'caliiir  method  of  epreading  uf 
thi*  b!aiftodt-rta,  imposed  on  the  chick  embr^-o  in  consequence  of 
the  distfnBi<iii  of  the  ff;g  hy  the  enormous  mass  of  footl.yoJk 
which  it  coutaiua. 


5.  The  Mecablftst. 

llie  iiiidilk*  Ljvrniinid  hL>'i*4',  ur  mewblast,  givi'«  ri>t-^  in  the 
chick.  a»  ill  Aniphioxus.  in  tJit*  fro;;,  aiid  in  nthei'  uiiiuinl»  freu«^ 
rally,  to  ttll  the  cuuiK-'Ct ive  ti^Hue.  vwculwr,  mu^outiu-,  imd 
flkeletHl  structures,  oe  »*ell  as  lu  the  nnn&ry  luid  rvprodndive 
organa. 

tn  thu  cluck,  the  uie*obliMt  oelU  hnvc  »  lr*»  ck*arly  definvd 
(irigiu  tiiiui  in  Am))hioxiia  or  in  the  Erc^,  and  itre  <IerivtHl  from 
tlirce  di)-tiuct  KuuitM's. 

(i)  In  the  binder  pw-t  of  the  bloMotlertn,  eomc  of  the  celts 
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of  tht-  origiitiil  lowi^p  Inyor  an)  left,  lying  botwopii  rlir  I'piljlnst 
and  liypoblasr.  on  the  ei^tuhliiilitiK^iit  of  the  Intk-r  as  n  distinct 
4kn<3  continiiouit  inenibrmio;  and  tiime  cells  become  tnesoblaaC 
cella(l'"jg.  lOS,  MJ. 

(ii)  In  the  middle  nnd  In.l>era'.  porHnns  of  the  area  ptillucida, 
about  tbe  time  of  aiipearoaco  of  the  primitive  strealt,  mesoblnst 
cells  nrc  hnddt-d  off  freely  from  tlie  upper  surfaci*  of  the  hyjH*- 
blast.  mid  form  a  kvor  bi'twetju  tlio  epiblojit  and  hypoblast  in 
tJiia  region, 

(iii)  TW  boiizontol  sheet*  of  cells  (Fig.  lOti,  Ps),  which 
8pTf>Ail  out  right  and  left  na  tho  >piiig-Iik>>  expansions  of  the 
primitive  streak,  mid  wliich,  it  will  bo  rciiiembfrcd,  an  of 
epiblaatic  origin,  also  take  part  in  the  formation  of  the  meso- 
blott. 

Ah  regards  th*»  cbIIk  thpiiisflves,  tJinse  of  groups  (i)  and  (iij 
figfi'ee  witli  one  another  in  beiii|^  usually  of  an  irregular  stellate 
shajie  (tig-  108.  m),  aiid  in  being  veiy  loosely  an-aiiged.  The 
cprigin  of  these  two  groups  is  very  similar,  thongli  not  identical ; 
the  cells  of  the  Git-t  gruuji  bwug  durivud  fi\>iii  ihL'  luiveMayer 
cells,  formed  by  eegiuental loii  of  the  germinal  iliac  ;  while  those 
of  the  eeconil  group  oriae  directly  trom  the  hypoblast,  after 
this  is  eatiibtittliL-d  as  a  dit^tirict  celluUr  membrmie.  It  is  not 
posaible  ti>  draw  a  nharp  liiin  between  ihe  Iwn  grfnips,  nor  to 
determine  in  all  cesea  to  which  group  a  giveu  cell  belongs. 
Stwakinjf  generally,  the  Toe-soblast  of  the  body  of  the  eiithryo 
itfii'lf  is  derived  fimn  group  (ii),  the  crlls  of  group  (i)  lying nlniotsl 
eiitin-ly  ill  the  extni-embryoruc  part«  of  the  blnntrtierui. 

Tlio  cells  of  ^mup  (iii)  are  derived  diructiy  from  the  ppi- 
blnnT,  antl  ai-e  therefore  of  totally  diHeicnt  origin  to  those  of 
giYju]>s  (i)  and  (ii).  They  also  dilfer  (Vom  those  latter  in  tb^r 
spherical  form  and  more  compact  arrangement.  They  are  at 
lirrt:  (Kig.  I W,  ijs)  eharpty  marked  off  fmni  the  cells  of  gi*oups  (i) 
and  fit  J,  but  04  the  primitive  etrcak  ^pn-oils  lat<^rally.  the  celts 
oon\pea!iic;  it  come  int^i  clofte  relatimi  with  thofie  of  the  Dther 
group?,  ntid  becoming  at  the  game  time  less  compactly  arranged, 
and  less  regular  in  form,  con  no  longer  be  di»tiiigiii«he<]  Groin 
those  of  gronp5(i)  and  (ii).  The  celUi  of  proiip  (iii),  or  primitive 
ittreak  Rieiiohla«t  cells,  lie  almost  entirely  Iwhind  the  embryo, 
and  lake  but  little  share  in  its  formation. 

The  mesoblast  cell*  of  all  tliix-e  groups  eoon  become  con- 
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tiiinoax,  fomiing  a  shcrt  of  doitie-what  loowlr  i»rm»iii-«l  nml 
DMiftlly  Ktellnto  «rllis  which  nt  iJic  tnviitirUi  l>otir  of  incubation 
has  a  shape  nii<l  extent  indieati'd  bjr  tlii*  strong  dotted  line,  it,  in 
Vig.  1 07.  'nic  two  halves  of  the  shi-ct  are  continuouB  with  each 
other  acTosii  tlifi  nie^lutn  line  in  the  r^on  of  ihe  primitive 
strenk,  vs,  Aiid  behind  it:  bnt  in  front  or  thp  primitire  streak, 
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in  tiie  rc(^<>n  where  th(>  oinbrro  is  formed.  KV,  t}w  two  hslvt^ 
are  sepai^ted  in  tlic  middle  liiw  hy  thu  notochord,  the  descrip- 
tion of  which  ia  givi>n  on  thv  nuxt  pa^. 

In  the  later  tita^es.  aa  the  embryo  appi^nn',  the  meaoblaat 
sheet  spreads  rapidly.  iL  duus  not  extead  dirwtJy  in  front  of 
the  embryo,  but  grows  fonnanl*  as  two  Uteral  horns  (Fig.  109). 
so  that  for  a  considvrabU-  tirai-  thoro  in,  immediately  in  Iront  of 
tlie  etobrj'O,  a  tran.4pareiit  area  of  thp  btaKtod^rm,  AD,  whidi 
connste  of  cpiblnst  and  tiy|>obla«t  only,  without  any  middle 
lajTr  or  meroblast..  This  ar«i,  the  proamuioiu  remains  twn- 
Uyered  until  about  tJi«  middlvr  of  tlip  third  day  of  incabation. 
when  thp  two  Inteml  hom»  of  niesoUaitt  gradnallygrow  inwards 
to  meet  each  other  in  front  of  the  einbn'o. 
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As  shown  ID  Fins.  107  and  10'.).  llii'  mesoblast  Tpry  early 
^^xtends  outwards  Wyond  iJic^  ori-u  pcllucidn  eo  as  to  amlrrlio 
tlie  iuner  zone  of  tlii>  area  o{tacii ;  this  three-layered  zone  of  th« 
area  opaca,  reprettt^ntvd  by  iIk*  i)a>rk  sbaditi^  in  Fig&.  107  aiulj 
109,  is  known  ns  tli^  area  Tascalasa,  because  t.he  blooil-veeeeI( 
which  absorb  tlie  yolk  nnd  curry  it  to  the  einbiyo  ure-  vcT  early 
dpTcInpwl  in  it  (rf.  Figs.  !>8,  flEt,  AV). 

G.  The  STotochord. 

Qefore   the    sheet  of  mesoblaat   cells,  spoken  of  abovft 
group  (ii),  sepnmtcs  complptply  from  thp  hypoblnBt,  n  distinc- 
tJOQ  may  ha  noticed  iJi  it  between  »  ininliaii  luu^iludiiml  r<iii  of, 
ce)l.i,  and  two  latei-al  tracts.     This  nii>rlian  rod  is  the  notoohordf 
(Kg.  117,  CU)  ;  and  thi;  colls  of  which  it  consists  are.  from  the 
first,  more  closely  conopacU'd  than  thosn  of  the  lateral  tracts. 

Th'O  iiot^ohord  Hoinetlmeii  i-eii)aiiiH  attaclit-cl  to  the  hypoblast 
afler  the  lateral  mesoblostic  (fhcct*  have  completely  separated] 
from  this;  in  other  specimens  the  entire  slieet  of  cells  separatCB 
as  one  coutitiuous  layer,  which  thva  divido*  into  the  mediim 
rod,  or  not<M;boi-d,  and  the  two  lateral  meaobia&tic  tracts. 

The  iiotochord  of  the  chicle  lias,  accordinfjly,  been  described 
by  some  authorities  a»  of  bypoblaetic,  by  others  as  of  mt;&obIui!titi 
origin;  the  coinjK>iient  cells  are,  however,  in  nil  caaea  derived 
directly  from  the  hypoblast,  and  the  ditforenco  is  merflly  in  ibAt 
relative  times  of  separation  of  the  nntochord  fiYitn  the  lab 
iih(M;t«  of  niesoblaitt,  and  from  the  midftrlying  hypoblast  respeo 
lively. 

The  notcchord  lies  entirely  in  the  part  of  the  bhistoderm 
in  front  of  the  primitive  streak;  its  posl^rioi-  end  i»,  howe\-er, 
directly  contiuaoua  with  the  anterior  end  of  the  primitive  streak.j 
Iimxiuuch  as  the  primitive  streak  cells  are  continuous  with  tb< 
«piblast,  and  the  notochord  is,  at  any  rate  at  Erst,  continuous 
with  the  by|»>bliwt,  it  follows  that  the  thrw;  germimil  layers  . 
epiblaat,  mesoblast,  and  hypoblast,  are  directly  continuous 
fused  with  one  another  at  tliis  point,  which  marks  the  hinder 
end  of  the  cliick  embryo,  and  corresponcia  to  the  antortor  or 
dor.ta1  lip  of  the  blastopovL'  in  thp  frog  (ff.  Fig.  60,  a). 

7.  The  Mesoblattic  Somites  and  the  CtBlDsu 

The  mesobla^  of  either  side  fornig  at  first  a  continuous  sheet 
of  loosely  arningcd  ce1l«),  which  in  transverse  section  is  somewhat 
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WMlg«-8hftpe(l,  being  ihickwt  next  to  the  aotd^lionl  rikI  gnulu- 
iiUy  tliiiming  da  it  pnsies  oiitwanU  towards  tiii?  margin  of  the 
bliwitodfnji  (i/.  Fig.  117,  W). 

About  the  tweiity-Brat  lour  of  incabiition,  tbo  mesoblaat 
cells  bi-oome  annngwl  more  or  less  oleai-ly  in  two  lay.-rs,  npper  and 
lower,  witli  a  eligiit  apace  Ijetwt.'eu  tiiem.     This  8]>litting  of  tlie 

,  rii«eobIa«t,  as  it  is  termed,  first  nppeare  in  the  part  of  the  mwo- 

'  binst  boyontt  the  ombryu.  but  soon  i(prG«dH  inwanle  to  Uie  em- 
bryonic rv^ioD,  extending  alraoKt  up  to  tlie  notopliord. 

'Hie  cavitv,  formed  in  this  way,  by  splitting  of  the  mflaoblaeb, 
becomes  tlieccrlom  or  body  cavity  of  the  chick.  Of  the  twola^n 
into  which  the  mesoblast  h  split,  the  upper  or  outer  te  spokeni  of 

,  u  tho  aomotic  Inycr,  nud  Ihv.  InwtT  or  inner  nn  the  splanchnic 
lurer.  From  a  ver>'  warly  period  the  soitifttic  Iny^r  (Fig.  1 20^  me) 
beooniM  cIomIj  oonnocted  n-ith  the  sarface  epiblaet.  fonning  witb 
tluK  the  somntopleurp  or  Imdy  wall ;  while  the  splanchnic  layer 

''becomes  siiiiiWIy  a-Inted  tothc  bypobloet.  and  forms  with  thia  the 
Rplanchnopleore  or  wall  of  tJie  olimentan-  cnati  (Fig.  129,  UK). 

A  body  cavity  that  is  fonned  in  tbia  wi\y,  by  ttplittiug  of  the 
meaoblasb  into  somatic  nmt  nplnnchnic  Inyt^rs,  is  spoken  of  as  a 
•chizocoel,  in  coutnidistiuotion  to  ihif  ent«rooal  of  Ainphioxos, 
u'Uiub  arises  as  n  fteries  of  hollow  outgi-owtlm  from  the  pnteron 
or  primitive  nlimentAry  canal.  Inasmuch  aa  tbe  inf^oblast  of 
tbe  embryo  ia  derirecl  nlmoKt  entirely  from   the  hypoblast,  as 

•-deseribed  above,  the  distinction  lietwccn  nn  enteroco;!  and  a 
flcbizocoel  may  be  said  to  couiiist  in  thi^  : — iu  tbe  vnteroccDl  tlie 

I  UHoblAst  nrieos  lut  hollow  ontgrowtbs  from  the  hypoblast,  which 
)iulute<|Ufntly  l>eoomi'  shtit  off  from  thf  giit.  wliilo  the  cavities  of 
tbe  outgniwtbn  opt<n  into  ont*  annthfir  and  liecome  the  cocJom  of 

ktbe  adult.  In  tbe  acbizocccl,  on  tbe  otber  hand,  tbr  meeoblast 
aiisos  as  two  solid  sheets,  bndded  off  from  the  hypoblast,  in 
which  the  occlom  is  fonned  ut  a  later  stage  by  splitting  of  tbe 
abcel  into  two  laycn,  with  a  space  beCwean  them.  Of  these  two 
methods  of  formation  of  tbe  ccelom  there  can  be  little  doubt  that 

,  tlie  etiterocttilic  is  tbe  laore  primitive  one,  tbe  echizoccelic  tbe 

'"   )re  modified. 

Almost  immediately  after  llio  splitting  of  tho  mesoblast  IB 

[xfibcted,  about  tho  tvr«nty-aecoiid  hour,  a  Heriea  of  rlnir  tnuu- 
linea,  really  vertical  clefts  through  the  mt>soblast,  appear  in 
the  embryo,  extending  outwards  a  eliort  diBtoace  each  side  of  the 
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iiotochord  ;  rhrae  an-  quickly  follon-ed  by  o  pair  of  similar  but 
Longitudiual  cletis,  wbicli  appear  one  aJong  encli  side  of  tho 
body,  a  little  distmico  from  the  middli;  line.  By  tliew  cleft* 
thi!  laeBoblBsl  of  enoh  Bido  of  llie  body  liecoiafs  divi<]et3  into  u 
vertebral  plate,  aluiigvMt;  tliu  notochord ;  autl  a  lateral  plate, 
moru  p.-i-i))ljei'ally  placed  ;  the  vertebral  plalp  U-iDf;  fiirtbcr  cot 
lip  by  the  Irntitivorae  cipfts  into  n  sprier  of  Komewbat  cubical 
blockii.  the  mcsoblastio  somites  or  proto-verlebrte  (]''^g.  110,  lis). 
Tho  mwoblatttii;  Bomtte^t  npjiear  IJi'&t  iu  the  neck  region,  and 
increase  rapidly  in  number  during  the  last  two  hours  of  ihe^ 
first  day,  mid  the  folton-ini;  two  or  three  day».  One  or  perhaps^H 
two  pairs  wu  fumiL'd  in  frunl  of  tho  pair  whicit  nppc;urs  first ;  the 
remainder  are  added  on  in  iiuccei>ii<ion  at  tlie  hinder  end  of  the 
series,  as  the  embryo  increases  in  length.  At  the  twenty-fourth 
hour  of  iDcabatioi)  tUcitt  aro  usually  tivo  or  eix  pairs  prusent 
(l''ig.  110,  Ms);  by  tW  tliirl:y-sixl h  Iiour  (Kig.  Ill)  llieee  liave 
incTp&sed  to  about  lifticeu  pairu ;  at  the  end  of  llio  gocond  day 
ihoro  are  twenty-fieven  or  twenty -eight  lutirfi,  after  which  date 
the  fnrthtT  incrt-nKC  lalcviK  pluce  moru  slwwiy  until,  during  tlw 
fourth  day,  tlip  full  number  is  eBtablisbed,  The  increase  takee 
place  ia  u  wry  regular  manner,  and  thf  Dumber  of  somite? 
present  affords  a  convenient  biiJiis  for  f«timntingthc  tigc,Hndtlic 
gradL-  wf  dcvi-Ioptnoxil ,  of  fiiibiyos  during  the  i-arliiir  »(Agea  of 
their  formatioii. 

The  somilea  extendalongthewhole  length  of  the  neck,  trunk, 
and  tail,  but  nri<  not  formed  in  thi-  head,  in  which  no  ecgmenla- 
tjon  of  the  mesoblnst  occurs.  Inthecnaoof  the  fii-st  three  or  fonr 
Bomites,  1  he  splitting  of  t  he  ruesoblust  extt-ndB  up  to  the  notocbord 
befoi'p  the  s>.juiilea  become  mai'ked  off  from  the  lateral  plates  ;  and 
consequently  the  cavities  of  theso  somites  commnnicAte  for  a  time 
with  llif  coclom  or  cavity  of  the  Inlcral  plate,  though  this  com- 
munication in  lusl  aa  soon  as  thit  Iviigitudinnl  cleft  it  forim^d  wliicli 
neparates  t^e  vertebral  and  lateml  plates  from  each  other. 

Tln>  n-Dinining  somites,  behind  the  lirat  Ihreo  or  four  pairs, 
do  not  communicatt;  at  uuy  stage  Vi-ith  the  coulom,  their  cavities 
ujipiiariitgiudepondeMtly,  andnflerthe  separation  of  the  vertebral 
from  the  lateraJ  platM. 

The  funlier  sti^i^es  in  the  development  of  the  mesoblostic  so- 
mitcK  will  be  <le«crlbcd  in  a  lal«r  aeclicni  (p.  322). 
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tbe  Amnios. 

Ttic  usnioa  is  a  Md  of  <br  soniBlopli-ure  wlilcli  riaes  up  iih 
a  wall  tUl  round  tho  t>fnbiyo,  a  littl<«  distanca  from  it.nnd,«pr«-ji(]- 
iiig  OYiT  its  back,  Tonus  a  tliiii  double  iiienjbmm-  Uriwwn  lh«* 
embryo  aacl  the  egg-shell.  Though  a  ^-ery  characteriiilic  struc- 
tan.',  il:  is  of  only  sccoiidoiy  importaiiot',  nml  givp«  rise  lo  no  part 
oftlH'  t^mbrvo  iiwlf. 

The  fii-st  trace  of  ttw-  nmuioii  ttp)M«ra  nbout  lht>  thirty-third 
hour,  as  u  §iiik11  cn-«0('Qtic  fold  immt-diati^ly  in  front  of  the  hi'ad 
of  iho  embryo.  Tliis  grows  rapidly,  and  by  thn  ihirty-«ixl]i  hour 
(Figs.  111,112.  AX),  hits  extended  Imck  ovt^-r  the  anterior  end  of  tJi« 
lu'ad  aa  a  transparent  eap,  formctl  by  a  double  membranotui  fold. 

Tliis  tirst  formed  part,  or  hmd  fold,  of  tlu'smnioaconsititsat 
lirst  ot*  cpiblast  only,  inasmuch  as  it  urist-s  frum  the  proaznnioD, 
or  put  of  thtr  blast odfi-in  i niuiediatelr  in  fV-<)t)^  of  tho  embryo, 
into  which  Iht-  mcfoblast  hae  not  yet  spi-oad  {r/.  Kig.  109). 
During  tbe  latter  imrt  of  the  itecond,  and  the  third  day.  the 
leaoblast  gradually  grows  in  from  the  sides,  (brming  a  thin 
lining  to  the  amnion,  which  from  tbis  tjioe  i»  two-layered. 

Th«  head  Told  of  the  aouuoii  exteodfi  backwards  rapidly,  and 
lore  Ibo  end  uf  the  seoood  day  oovers  over  tli«  vrbolu  of  the 
bend  and  neck  region  of  tbe  embryo.  At  the  hinder  end  of  tlia 
embryo  a  similar  t.iil  fold  is  formed  during  theMcondday  ;  and, 
a  little  later,  side  fotdn  apficar,  connecting  the  hMd  and  tail  folds 
togetlier.  Th«  >.iiil>ryu  ia  now  completely  aurrounded  b)'  the 
amnion, which  forms  a  low  wait  round  itc  sides  and  tail,  and  «x- 
tendg  backwards  over  the  head  and  neek  an  n  tliin  membraitoiiB 
cap. 

Ualiki-  the  head  fold,  the  eide  and  tail  folds  of  tlie  amnion 
(rf.  Rg.  120.  is)  consiat  from  the  first  of  bolb  (•ptblaat  nnd 
luewblaM  ;  i.e.  are  fol^  of  the  soinatupleurv,  bryond  the  margin 
of  the  embrj-o. 

During  the  lliird  day  th<>  amnion  grows  rapidly  nn  all  udes, 
aaA  b)-  th<>  close  of  the  day  (Fig.  Ill,  a>.  as')  bu  covered 
<>»er  the  whole  "f  the  embryo,  except  a  email  patch  near  the 
hindLT  Olid.  During  iIm'  fourth  day  tlw  side  foUU  mt-el  each 
other  on-r  the  hack  of  the  embryo,  which  Ihuu  becomes  oom- 
pMely  coveiwl  by  the  amnion.  As  the  amnion  fokltt  meet, 
they  coalesce,  the  inner  layer*  of  the  folds  forming  a  contiiiuous 
membrane,  the  imiar  or  true  amnion  (I'ig.   100,  AS),  which 
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clofefly  invests  the  embn-o,  ami  in  continnoii?  with  thr  mnrgin 
of  ite  body  wall  (Fig.  12f).  Tin*  oul«r  liiycrs  of  tie-  amnion 
folds  also  form  a  continuous  m^nibraiiH.  the  onter  or  &lse  amnion 
(Fig.  100,  Az).  wkich  lies  close  bcFieatli  the  viTelline  mpmbraiie. 
and  soon  fust^e  with  this,  whilt*  pt-riphi^-nilly  it  pa»».ii  into  ihu 
Uyer  of"  siomat/ipleure  investing  the  jolk-dfic. 

TIw  BjKici?  Iwtweeu  tlie  iiniei-  or  true  amiiiuu  and  the  wiibiro 
ia  called  the  cariiy  of  the  nrunion.  It  19  Glle<1  v'Uh  Ituid,  atid  is 
at  Brst  very  entail,  the  true  amniim  uii  llie  fourth  nnd  tiftb  days 
investing  tho  embryo  \-ei^-  closely  (Fig.  100).  Piiring  the 
following  days,  owing  to  accuniulalioii  of  fluid  within  it.  iht- 
amnionic  cavity  increases  very  conBiderably.  formiug  a  water- 
bath  in  wliicli  the  embryo  can  movo  freely  in  n.iiy  direction. 
During  the  later  stages  of  incuttatiun,  muscle  fibres  ara  dcv<- 
lopetl  in  the  iiiesoblasi  of  the  nninion,  itIiIcIi  by  tlicii'  cimtmc- 
tioua  rock  tlie  einbrj-o  to  and  fi\>  within  the  egg. 

The  space  between  thn  innei-  and  onter  Inyers  of  the  amnion 
(Fig.  100  ASaad  AZ)  is,  from  the  luodc  of  formation  of  the  amnioi 
(Figs.  1 14,  129),  coiitiuuona  with  the  ccelomir  s|ince  wlnVh  !i 
between  the  two  layers  of  the  niesoblast,  both  witliin  the  embryo 
and  in  llic  cxtru-cmbrj'onic  n-gion  of  the  blastoderm.  By  the 
eixih  d»y  thn  splitting  of  the  inesobhi:-!  (i-f.  Fig.  100)  hntf 
extended  about  half-way  round  the  yolk-sac.  'JTie  further  est  en- 
sion  of  tlie  splitting  takes  place  much  nimie  slowly,  luid  does 
not  rejK'li  thp  lower  pole  of  tlie  yolk-sac  until  within  a  few  daya 
of  the  time  of  hntchiiig. 

Abont  the  tenth  day  ((■/■.  Fig.  101).  when  the  splittingof  the 
mveoblast  has  ext«nded  about  Uiree-fourtha  of  the  WTiy  round 
the  yiilk-s.-ic,  n  cii-cular  fold  of  soiniitopleiire  arisee  from  near 
its  ventral  edgt?,  and  grows  over  the  dense  mass  of  nlbumen, 
WA,  at  tbe  tower  surface  of  the  egg,  iiiclosiug  this  in  much  the 
Kume  way  as  the  nrniiioii  incloses  the  embryo  at  an  enrlier  titagei 
and  aiding  in  the  abtiorption  nf  this  mass  of  nihumen. 

The  formation  of  an  amnion  is  a  very  charnetoristic  fentare 
in  the  development  of  the  three  higher  groups  of  Vei-tebralcs — 
Reptiles.  Birds,  and  JifammaU.  Iliese  same  three  gptrapM  arv 
also  chai-aclerised  by  the  presence,  during  the  lat«r  stages  of 
development,  of  miallantni.*,  which  plays  an  important  part  in  the 
respiration  of  th^  embrv'o,  and.  in  manunals,  in  if.i  initrition  as 
well.     The  two  straclnres,  amnion  ami  allnulois,  are  asaociat 
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t<i  tbis  extent.  Iliat  the  space  between  tin-  two  In^rera  or  tlir 
amnion  givvit  the  ullmiLoii)  b  ready  opportunity  (or  frfH>  nml 
rapid  ^rowtJi.  and  enaUes  it  (o  obtAiii  u  iKwitioii  clote  to  the 
inner  surfact-  of  tht'  i-jr^-shcll  (Figs.  100,  101,  Ta),  where  itB 
respiratory  efficiency  is  gi^-at««t. 

It  would,  however,  not  be  right  to  rega»1  the  amnion,  as 
DKifrely  a  provision  to  insure  fr«o  gruwtb  of  tliv  ullmitoia,  for 
this  would  not  explain  how  t\n'  anmiun  origitiatMl  in  the  tirsi 
iiiBtance;  and  it  must  be  rememborpd  that  all  the  charact*risl.ir 
8tag(«  in  till*  devflupmcDt  of  the  Amnion  an»  rompleted  whilr 
tlia  allaiituifl  is  gtill  in  n  very  rudiiiuMitnry  condition.  The 
auiniuu  haa  probably  to  he  explained  qnite  irrespectively  of  the 
nllantois. 

Tho  most  MitUfnctor)-  t-xpliinnt lun  of  tlio  formation  of  tho 
amnion  is  that  it  la  due,  in  the  Kr»t  iiintance,  not  to  upri«ng 
uf  a  fold  ot  eoniatopleuru,  but  tu  tlvprMwion  of  tbi*  t^mbryo 
into  tile  Tolk-suc  ;  tlie  eiuking  of  the  embryo  being  due  partly 
to  its  owl)  weight,  pnrily  to  tho  downward  growth  of  tbo 
tronl  part  of  Ihe  Iwnd  cauwd  by  cmninl  flexure ;  and  perhaps 
in  part  to  the  rcsietance  of  tlii^.  viteUiue  inenibrane.aided  by  tlit^ 
liqu'.' fact  ion  of  the  yolk  as  this  becomes  absorbed  for  tini 
nouriiihment  of  lln'  embryo.  The  main  purpow  effectod  by  the 
depres&inn  of  Ibe  irmbrj'o  is  to  rcmuvo  it  fmm  the  dangirr  of 
pressure  sgainat  tbe  egg-ftbell,  a  ociniiideratjou  which  has  more 
weight  in  the  case  of  Kepiiles.  in  which  group  the  Amnion  was 
first  aojaired,  and  in  whicb  tlie  yollc  nflen  completely  filU  the 
eg^hell.  tban  in  their  dcecendanta,  ibe  Binb. 

THE  DEVELOPMENT  OF  THE  XERVOUS  SYSTEfil. 

1.  Q«iiBnd  Aooonat. 

The  developuieul  of  the  nen'ous  eygtem  of  Che  chick  is 
efTeclal  in  practically  the  eaine  manner  as  that  of  tho  trog. 
About  ibi;  ninetwnth  or  twcntit^h  hoiir.  almoiib  immediately 
afler  tlie  notochoitl  haa  appeared,  tbi-  epiblast  in  front  of  thn 
primitive  streak  becomes  tliickenett  along  the  median  line  to 
form  the  neural  plat*  (Fig.  107,  \p). 

During  tlie  next  four  or  five  Iiour?,  tiio  anterior  [lart  of  the 
arva  jiellnc-ida  growsrapidly  (Fig.  109) :  the  neural  phue  lengtiheiM 
witb  it,  and  soon  becomes  couiiidcmbly  longer,  and  more  protnt- 
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iimt,  than  the  primitive  stiTalc.  A  toiifiritiidiiiAl  neunl  groove 
(Vig.  117,  NC)  forms  along  il«  dorsal  i^urtbce  ^  this  is  at  tirst 
sliallow,  but  rupiilly  ck-i'jx-ii^  iiy  iipn^-iiig  of  ltd  borders  ae  a  pAtr 
of  loiigituiliiial  ri(l)jreg.  the  aenral  folds. 

At  tliL'ir  liiuderi'iKls  (Fij;-  H*^*),  tbe  two  ueural  foldsdiverj^e 
ft-oin  each  other,  and  embrace  between  Uiem  the  ant*TJop  end  of 
the  priiniltvi>  itrenk.     In  front.  tJie  neural  fold«  rnpidly  inni'nasc 
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FtO.  110. — A  Chick  Emliryo  lit  Uiu  twimlj-luiiith  tibural  iouitbulidti ;  *oen  bwu 
lh«(tot(iiil  NorUce.  ('/,  Fig.  101),  which  allows thaKlKtions  of  ua  embrjo 
of  thi*  age  to  the  bluKtodemi.      i  K). 

AH.  ci»r||lii  iif  in-s  ivlluflrln.  HD,  Ixnila!  CFnibryn.  MS.  DMnlilBaiO  imnit*  nr 
pntuTtTttlink  KF,  ii-TunJ  Ml.  KO.  ■xunil  crivn.  PH.  luloilttTC  Nn>L  TT. 
vltellltjc  win. 

in  height,  the  neural  gi-oove  between  them  becuniitig  deeper  in 
consequeace.  About  the  end  of  the  first  day  (i'ig.  1 10,  >t),  the 
fwo  nearnl  folds  inc«t,  in  the  rcj^ion  of  the  future  liiiid-bmin, 
converting  the  open  gi-ucve  inlu  the  closiil  neoral  tube  {c/. 
Fig.  118);  and  thie  clcsure  of  the  tul>e  rapidljr  ext«uds  both 
forwards  and  baclcwai'dti. 
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The  anterior  end  ofUie  Kiulof  tJio  embryo  ie  VittM  upabove 
lh«  bla»todenn  by  tlif  bfad  fold  (cf.  Fig.  112);  luid  t.lie  iienrnl 
foldd  are  continued  i-ouiid  thi«  npUfled  bettd  to  ils  under  surTaca 
(Vig.  IIU).  wht-rc  thej  become  contimtoiis  with  t-acb  other  in  tlie 
tuMJinn  plane.  A  tvaiisveive  section  ncixjsv  th^  I'xtri'iue  aiitoriur 
radufaii  embryo  at.  this  Binge  (Fig.  llOjwill  cut  ttir  pmjccLinK 
neural  folda,  Imt  no  other  pai-t  of  the  cioliryo,  and  will  oonxlst  nf 
two  completely  soparata  halvoe. 

By  the  middle  of  the  second  day  (Fig.  I  i  1)  the  neiiral  folds 
have  met  and  fuwd,  «i  as  to  complcU.-  the  neui-al  tnbt*.  along  iho 
whole  length  of  ibe  brain  region ;  t]ie  laat  (K>iiil  to  close  Leiiig 
in  the  position  ofterwai-ds  oocapied  by  the  pineal  body.  TIi)^ 
fusion  has  also  ext«ndeil  hnckwards  alonj;  the  gi-eatier  part  of  tbi^ 
region  of  Uie  «pinal  cord,  but  al  tbt-  hinder  end  of  thi.^  (mihryu 
Uie  two  neural  folds  are  still  a  little  ilistAncn  apart 

2.  The  Spinal  Cord. 

The  spinnl  cord,  in  the  earlier  stages  of  its  development,  is 
oval  in  transverse  section  (Fi^.  120,  us) :  its  nx)f  .tnd  flcxir,  in  (lie 
ntid-diirsal  and  mid-veulrol  planes,  ramain  tbiu ;  bnt  iu  vide  vraila 
thicken,  Ko  astorodnce  tlie  central  cavity  to  a  itarrowTerticalelil. 

In  the  aide  wnlb  uf  the  spinal  L'ord  a  div^iitction  is  pTe«v>nt, 
almost  fn>tn  the  tii-&t,  between  (i)  an  inner  layer  of  colnmnnr 
ciKated  epithelial  crlla.  lining  the  central  cnna) ;  and  (ii)  tlto 
cells  oomptiaing  the  n?9t  of  the  thickne>«  of  the  wall.  Tliesd 
latter  apparently  do  not  give  rise  tu  eithm-  nerve-cells  or  nervB* 
fibree,  but  l>ecome  modilled  to  form  a  supporting  frame«vork  to 
tlie  oonl.  The  ei^-lls  of  this  second  group  nif  from  the  fint 
radially  arranjii^.  nnd  dniing  the  sceond  day  they  bntndi  at 
their  outer  ends,  the  lirnnchee  anaetomoung  with  those  uf  adja- 
cent cells  to  form  a  dolicat^  retictilar  fraiDework. 

In  the  mestiex  nf  this  n^tii-ulum  oertain  other  cells,  the 
oeniobbuts.  a{>|)i-ar  during  Ihe  third  day  ;  tbcsu  aiv  ap|uuviitly 
dorived,  by  dii«ct  modi  Kent  ion,  froDi  certain  of  tlie  I'ldumnnr 
epttJu'lial  cells  lining  tbocentml  canal,  which  loigratA  outtvard.» 
into  the  H'ticutum.  I'^h  nearoblaat  in  at  tirst  bipolar,  liaving 
a  shorter  procei^,  directed  iiiwar«ls  towanU  the  i.«-iitntt  canal; 
tuid  a  longer  pi-ocobs  which  is  directi-d  tititivanl^,  and  ftliich  by 
Airtlwr  gron'th  Ifeoomes  the  axis  eyttmlttP  ••''  »  nen'e  Bbre.  Ilie 
axis  cylinderv  thread   their  way  Uttt  (vsIr-is  "I'  ili" 
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reticulum  hihI  i^nch  tlie  siirliiw  uf  tlie  spmn.)  coiil,  where  eonip 
lettve  it  to  furm  the  roots  of  tlir  spiiial  m-nu*,  whik-  othirrG  run 
longitiuUimlly  ulung  its  outer  surface  to  fonti  the  layer  of  white 
matter  of  the  spinal  copd. 

Fioiu  tlio  thirj,  or  fourt.Ii,  U>  about  rlie  tenth  day,  tJiis 
proccM  of  tlevelopmfut:  of  ncurubltustii  iind  of  nerve  fibiv»  prti- 
eooiU  inpidly.  The  neurobUwts  beconiP  the  nerve  wlls  of  the 
spinal  t'ut'i].  tliM  lirat  cells  to  txi  eatubllshed  being  those  of  ilie 
ventral  cornua :  their  inner  pi-occeses  disappear,  ami  fix>ni  the 
bodies  of"  tbv  ce\h  fine  liranrhliig  protoplu)<inic  outgrowUm  aviate 
at  n  later  siagi;  wliieh  annstumosL*  with  iIiosh  of  ii0ighbt)uriii<{ 
cells.  Ab  tlio  iiciTo  fibres  inci'ease  in  number,  the  layer  of  wliitc 
matter  on  tlii^  M»t-fncu  uf  the  sjiinni  cord  nL-cosisarily  gaitis  iii  tbiok- 
ne«3,  and  tho  Bpiiml  coi'd  nipiilly  ajiimiaoheH  the  i^bape  ehnnw- 
Irristiu  of  it  iii  Che  adult. 

The  couti-al  cavity  ol'  tliv  tpinal  cord  ib  at  first  n  narrow 
vi-itical  cloft  (I-'ig.  129).  Tbi'  side  wall*  of  the  dorsal  half  of 
this  cleft  couio  ill  contact  with  cacli  otlu-v  luid  fuac,  »u  as  to 
ublit<?i-atv  the  ca^-ity;  the  vent  ml  lutlf  of  the  cleft  peraiBts 
thiiJiighout  life  OS  tbo  central  canal  of  the  spinal  cui-d. 

Of  t\w  two  longitudinal  fissiires  of  the  adult  «pi»nl  cord,  tlie 
veatral  fismre  Is  a  ntediau  groove  IclV.  between  thv  vcutral 
columns  <.>r  wliil^i  iiiiitter,  hk  ihttxe  iricivuHe  in  tbickne&s ;  it  may 
be  i-ecogoised  on  the  sixth  op  seventh  day,  and  by  the  tenth  day 
is  a  conspicuous  fp.itiii-e  in  transvprse  sectioiiM  of  the  ispiiud  cttrd. 

TIh'  donol  ii:«tii-e  is  forniod  in  (|uite  diflV-n-nt  fnsbion.  'Hie 
white  matter  of  the  dorsal  aurface  grows  down  into  the  epinnl 
cord,  about  the  ninth  day,  as  a  pair  of  vt^rticul  plat«s ;  these  arc 
at  tiret  separated  by  a  thin  mediau  laiaina  of  grey  matter ;  ttiid 
it  l«  l>y  absorption  of  this  mcdinn  lamina  that  the  dorKiil  ti^aurf 
is  formed.  The  absorption  is  a  gradual  one,  and  for  some  IJim- 
tbe  titt^ure  remains  bridgeil  acro3«i  by  slender  libres,  derived  from 
the  gri-y  matter. 


ne  neuienteric  pouag^s.  In  tho  floor  of  the  neural  cannt, 
at  the  hinder  end  of  the  bndy,  two  or  three  pit-like  depresfiiouA 
ap|H-ar  in  th«  early  gtAges  of  devt»I()])ni(.'Tit,  which,  nithough  they 
ai-e  iisuiilly  incomplete,  and  only  raraly  open  into  the  mesentertm. 
Still  upi>ear  to  be  homologous  with  the  ueiireiiteric  passage  iu 
Amphioxuii  i>r  in  the  frog. 
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Tlu-ee  of  ik««e  dcprcHEione  Iinvo  been  ubeerrpJ  in  oliick  i-rn- 
br^oe.    'Hiey  nppenr  in  succosiiion  ;  the  (tret  oa»  Hhurtly  Wfurt' 
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FlO.  Ml.— A  Chick  BinbiyoAl  ibc  thirtj-Mxtli  lioni  of  Jncubftliao  ;  seen  tnm 

tbe  (lonni  Aarface.      i  S0> 

FlO.  1 12.— A  nuHliftn  lon^tailfna].  or  H&{,-ittaI.  teetioD  at  a  Chiek  KbIpito  U 

Ihe  ihlnjr-aUtli  hour  of  lD<;Ql«tioiL     »  SO. 

AM.  Iiwl  fiiU  o(  Ui>  ■wntni.    BF.to^lnUi.    BR.UBMnlit.    BK.  MUJinNi. 
MO^oOie  rmtey.    OB.  iMoriiiird.    OP,  patcwdU  uMtj.    XL  BuUtar  fM.    OV> 
•«MM.nr*MMftf  DMhniflUwiioHtiknm.    H.1VV>UmL    inj,i«i  MmitU  ■■■ 
nKMMatolin.    VS.  (final  ««iL    BV-  ■MnoMlf  lanat.    PS.  ifimlll'*  mimk. 
.  waufcubn  pwtfcwaf  H»  fcwm.    60.«uiiU)I|iIrii*^    BP.  •i>U:kIiih<i*mb*^    TA. 

lU  VT,  viuiiim  miL« 


tli^  enO  of  thtf  flrat  (lay;  tbe  »eci>ii<3  one  (Fig.  11-,  NT)  a1»nt 
the  middle  of  the  BecoQcl  da^- ;  aii<l  ib«  third  one  in  tlio  oouix* 
of  tbo  tJiird  dar. 
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TTiey  are  all  throe  blind  pocketa,  extending  somewhat 
obliqut-'ly  from  tlie  tloor  of  the  hinder  end  of  thp  neural  tube 
into  a  fused  mivi*  of  cells  just  behind  tbc  nvtochcrd :  this  vao»» 
i*  really  the  anterior  (indof  tlie  priinitipe  strenlc,  and  therefore 
coiTCspond*  to  the  anterior  lip  of  the  blastopore  in  the  frog 
ief.  Fig.  GO). 

9.  The  Braia. 

The  general  history  of  tbe  development  of  the*  brain  in  the 
chicle  is  vt-ry  closely  similar  to  tlint  alri^ady  denoribed  in  tlie  frog. 

At  the  comniencetneat  of  the  second  day,  atid  bwforu  autiial 
fusion  of  the  neural  folds  has  tflfcen  place  at  any  part  of  their 
length,  tho-  ndura.!  caniJ  become*  dihiti-d  iit  jt-i  nntorior  end  to 
form  tbe  nntcirior  cerebral  vesicle  or  foTft-bralD  (Fig.  Ill,  BF), 
froui  which  the  optic  vesicles,  itu,  arise  almost  at  once  as  lateral 
outgrowths.  Itnmcdintvly  behind  the  fore-brain,  and  eepamted 
from  it  by  ii  i^liglit  con^trlotinn.  in  a  iu-cnnd  mid  tatbt-r  .imitller 
dilatation,  the  middle  cerebnit  ve<;ii--lu  or  mi'd-bralii,  BM. 

The  part  of  tbe  braiti  beJiim)  tlie  iiiid-brain,  about  lialf  it£ 
ontiru  length,  in  tbe  Mad-brain,  iiii ;  this  consists  of  n  scries 
of  vesielcs,  Beparntcd  hy  slight  constrictions,  dpcrensing  in  siae 
from  birfort!  buckwiirdu,  aiid  paiisi  ii;^  without  any  limiting 
boundaiy  into  th«  spinal  cord  posteriorly.  The  vesicles  of  the 
bind'brain  vary  considerably  in  diB'prcnt  specimens;  they  are 
uaaally  four  or  five  in  nmnbi-r,  of  which  the  two  (interior  ones, 
at  any  mte,  appeuj:  to  possess  considerable  constaney.  Their 
mods  of  devL-lopmeut,  and  their  relationa  to  the  nerves  and 
r>|her  NtruclnreH,  etmngly  nujfjj'eHt  that  fbey  Hre  each  tKiuivalent 
to  a  aiuglt!  %'iisicli^  such  aa  tlie  inid-hniiu. 

By  the  middle  of  the  second  day  (Figs.  Ill  and  112)  tbe 
brain  is  eluded,  by  fusion  of  the  neural  folds,  along  it«  entire, 
lenglli;  the  point  where  the  folds  lajft  meet  being  at  theMimmil 
of  tbi>  fbri^bmin,  in  the  position  siiba<-qaent]ybeld  hy  tbe  pineal 
body. 

The  walls  of  Ihe  brain  are  at  first  of  nearly  nnifomi  lUick- 
nefis  ia  all  partem  and  tranavH-se  pections  of  tbe  train  are 
approximnt'dy  circnlar  in  uiiflitic  nt  hII  p»rli<  of  itji  length. 

In  Ihe  following  account  tlm  awv^ral  parts  of  the  brain  will 
be  considered  in  order  from  behind  foi-wnrds,  and  the  leading 
l^x>int8  in  their  dei>'elopm6nt  di?sci-il>ed. 
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Iht  BAdttUa  oblangate  h  (orm<-il  from  the  hind-brain,  tli.< 
[ceotiml  canal  of  this  pert  of  the  bmia  bi^coming  (he  luurtb 
^TODtiicle  of  the  adalt. 
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no.  I  I3.'~A  Chlok  Eiiihr>'D  at  the  end  of  Ihu  tliln)  'ln;r  of  Ui«atntk>n.  Owing 
lo  tbo  twltclitf  of  iho  for*  |nit  ol  the  em!bry^.  ih«  hmA  anil  Sfck  am  acen 
(nra  tbo  rifht  sUo,  ui<l  itio  IiiadM  put  of  Iho  bodf  fram  Uie  donal 
•lotaoe.    Tb«  wniUvn  tuu  been  removed.    (C-  fig.  99.)     n  SO. 

A.<tonal**rM.  Al.  flmsrmMkllliuUr  lartle  anli.  AJ^iMrd  «enl<i  ira)>,ln  IM 
iMInMClilKlWTli-  ACLMinUduwrr.  Ay.nidlnrwDn.  Br.tteteamOTflMlM 
«*  hn-bnlD.  BH  UBldto  aMmcMB.  QL.  DtnMlm.  BM.  aM^nUB.  BS. 
—itwil  limiltplwrn    BLudllanTHUOA    HOI.fcit  tniHtitel  UttH.    HQX  «mim»I 

teMAMfMI.    HILIv»ai«i4llialH'<WU     Iffl  !■ Uinl Mi   iili  >iinil  lin 

n.iplnit*M>l  OO- Vic  ■'a|^  OF. olfcNMT Hi.  OI^hMi  FiTriual  te>lj. 
liA.Mri<b«(lMni.  BT.tmiwwctiTlf  t.  AV.tttnMtUttmm.  VV.HUillM 
iwu, 

Tla  vra  amnrt  snt  irnwii  UillMU  tto  tImh  alaati  aliWb  Ita  mcOtm  *««b  In 

The  walls  of  tlw  medalla  oblongatn  an*  ttt  first  of  oMriy 
equal  tliickiivss  oil  ronnd ;  but  bcfor«  tiic  unil  of  the  eccond  iby 


2&4 


THE  CmCK. 


(Pig.  I'Jl.  bh)  thp  donal  waII  or  roof  tioctomee  vt'Ty  tnnclt 
thinner  thnn  the  Hides  and  tloor.  Id  tlip  laUr  stagw  tJiis 
difference  becoiuea  incveawagly  marked ;  and  before  the  end  of 
(ht?  third  day  (Fig*.  1 1^  and  I IJ)  ilK-  rtiof.  wliicli  is  now  wry 
wide,  becomes  reduct*d  to  u  siugle  layer  of  epitbelial  fells,  entirnly 
devoid  of  nervous  maUer ;  a  condition  in  which  it  remains 
throughout  lifo.  This  thin  nwf  »tion  bfcwracs  thrown  into  folds, 
which  appear  nbniit  the  spvanth  day.  And  rapidly  iiicrpA»^  in  deptji, 
bftnging  down  iiilo  the  cavity  of  the  mt^diUla.  Bct<wcc*n  tfao 
layera  of  tlieae  folds  a  network  of  vessels,  which  early  appears  on 
the  ont«r  surfac«  of Ithe  roof,  grovn  in  to  form  t Iio  chorwd  jilexoa 
of  the  fourth  ventricle  (Fig.  110,  xn). 

The  dtvi^on  of  tlie  biiid-bmiu  into  a  ^fories  of  vi-aic1v«,  wliieh  , 
is  very  noticeable  alioiit  tlie  thirf  y-sixtU  hour  (Fijr.  HI),  l>ec<imes ' 
less  Bvideul  aa  tbi?  «do  walls  tJiicken,  through  the  fonnuliou  of 
the  white  nervous  tnathir ;  and  from  the  middle  of  the  Uiird  day 
onwftrds  it  Is  barely  perceptible. 


Tlie  cerebellam  is  dpveloperl  from  the  roof  of  the  anterior 
vesicle  of  thi-  iiiiid-bi-ftia,  immi.-rdia1.o1y  V-hinil  the  wcll-mwrki-d 
conittrit^tion  which  separates  the  hind-brain  from  the  mid-brain. 

It  appears  towards  the  pud  of  the  second  day,  a«  a  filightly 
marked  transvonio  tliickening  of  the  roof  of  the  hind-braiii ;  it 
become*  more  con.ipicuou!i  during  the  third,  fourth,  and  foUow- 
ing  days  (^gB.  113,  114,  and  1  \o,  &L),  hat  reinain!<  as.  n  simple 
ti'aus%*erse  band  until  a  compamtively  late  stage  of  di-velop- 
meot, 

About  the  eighth  day,1]ieferet)e]lnin  (Fig.  1 1(5,  Bi.)  )iecome« 
doaUed  ti-ans>'ersely  on  itself;  and  at  the  same  lime  il  thickeos 
cooEidcrably,  its  oatcr  surface  becoming  slightly  folded.  From  '• 
thin  time  it  steadtly  increasM  in  thieknms,  and  by  further 
folding  of  it^  iiurfiice  becouies  more  complicated  in  atructure ; 
Wt  up  to  about  the  sixteenth  day  it  lies  couipletely  U-hind  the 
optic  lobe«. 

During  the  last  few  dayt>  of  incubation  the  cerebellum 
enlarges  considerably,  growing  forwards  over  tlie  top  of  the 
mid-brain  rind  Wtwet-ii  tin-  uptic  lobi-*  :  by  the  time  of  batchincr 
it  has  almost  met  the  cerebral  hemuqiheres,  and  has  acquirMl 
the  shape  and  proportions  diaraclerislic  of  the  crrvbelliim  in 
the  odalt  bird. 


ne.  1H.— AiBeiUuilix>Klludliutl,orM«llt«l,HCi(M>ttiroagltKCbiick  Knbtjo 
kt  Ui«  end  ot  tfao  thlnl  ilnr  ii(  iiioiiMtivD.  Th«  omnlon  ta  repniMDted  bf 
Kdoa«dUnn.    (CX.  Pis>  113)     xao. 

A,A>nkl*<rU.    AN.lHwlltMWtUkOKriM.    AV. tefl Md o< tbt mwbin.    JLT, 

B]l.Mtll)'iIiabU>nM.UHtU«sl]rtTl«iM|aBloeL  BAtaMnl  nMfbWvarnvlljr 
n(  ibe  otrAnt  Mwht*—-  OB.  ■M(«bw«.  SF,  1  r ' « i  !■■!  |Ut.  OH.  hln-J  nc 
u(  |MM>nia  n«Um  of  (h*  miniiwin.  IN.  IhAumIIMwKi  LO.  >«<>C'  MBtn>''^ 
I  ar  (pU^  cud.  OiBHUh.  PHlUh*^  tn«i-.  P^jltatHo  (■'lr>  B&  Mo* 
AT,  MsMw  •riBtMK      KT.  <w»rliik.     at  ' 
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borne  in  itiind  tlini  tlilft  !.-«  tli<>  wiiclitji >ii  in  which  it  remiutia 
dirougliout  lite  in  the  fm^,  and  iu  inniiv  fi^b. 

The  mld-lir&in  umli'iyni-a  comimnilively  i^liglit  changes.  Up 
tn  th«  end  of  llio  fourth  day  it  is  n|i|irQxiinat.*Iy  spitericnl  in 
s\\A])e ;  and,  owinj^  to  its  gi-«at  size  aiid  the  podtiun  vi'hich, 
throagb  cranial  n'_-\un',  it  oc-cupli-s  iit  the  apox  of  the  hend,  it 
plays  a  protnint-nt  pait  in  determining  tha  nlmpe  of  the  cmbrj-o 
(Figs,  na  and  115,  bm). 

On  tb«  fifth  day,  the  optic  loT)M  Ijegiii  to  jji-ow  out  as  ii  pair 
of  rouiidi'd  Kwr?lliiij,'»  fruni  the  I'opf'iif  the  iniil-brain,  separated  by 
n  median  longitudinal  groove.  These  steBdily  increase  in  siep 
during  the  following  days  ;  np  to  the  sixteenth  day  they  rt-main 
in  close  contact  with  ctit'h  othor.  hut  daring  the  last  few  days  of 
intubation  thuy  becomp  pushed  nport  by  tlip  forward  growth  of 
th«  cercbblliim,and  luke  up  the  position  at.  ihn  sides  of  the  braia 
characteristic  of  the  optic  lobes  in  the  adnlt  bird. 

The  floor  of  the  mid-hrain,  »nd  the  Ride!>,  ventral  to  the 
optic  Iol)es.  become  {^rcntly  rliickeued  by  the  fonnation  of  the 
otraia  cerebri.  'I'ho  codify  of  the  mid-brain  becomes  grtatly 
reduced  by  this  thickening  of  itB  floor  and  sides,  nnd  forms  the 
Sylvian  aqueduct  of  the  adult. 

The  thalamencephaloD  is  formed  from  the  original  anterior 
eerobrftl  vesicle,  or  fnre-brain  (Fig.  Ill,  up). 

The  roof  uud  lloor  uf  the  Chaluuieucephiilon  remain  thin 
throughout  life,  hot  the  ludes  thichen  very  greatly  to  form  the 
optic  thftlami.  redtifing  thf  ccntrn!  cavity  to  a,  narrow  vertical 
cleft,  tlie  third  ventricle  of  th<;  adult  (r/.  Fig.  116,  up). 

The  anterior  wall  of  the  thalamencephalon  forms  a  thin  and 
narrow  band,  the  lominii  terminalii  (Fig.  IIC.  iit),  which  lit-rt 
between  the  roots  of  tin*  i  M'  ct^nrbnil  hemispherej* :  in  con- 
nection with  thia,  the  anteritjr  oonmii^suro  is  developed  as  a 
narrow  ti-iinsviTBe  band  of  nerve  fibres,  running  across  between 
the  basal  parta  of  the  hentispheres. 

The  roof  of  the  thiilaniencejjhalon,  like  that  of  the  fourth 
veatriclc,  becomv»  early  reduced,  along  the  greater  jjart  of  its 
length,  to  a  uingle  layer  of  epithelial  cells,  devoid  of  nervoas 
elements.  About  the  middle  of  ite  length,  the  pineal  body  ariaes, 
at  the  commencement  of  the  tlurd  day,  as  a  hollow,  rounded, 
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rlDedinn  ilivorticulum  :  this  is  at  first  <lirect«d  ^liglit.ly  iMckwnn]^, 
Ijnt  hy  the  end  of  the  third  clny  Ix^comes  iucliniiil  forwards  (Fip. 
113  and  114,  pn),  and  lies  close  beiieftth  the  exfenial  epiblaM. 
In  tho  later  stages,  tlie  pineal  body  increfifit-s  in  slz«,  l)ecoI>l(^f> 
dilntett  At  its  di:ttAl  ond,  nnd  given  off  a  nnmbpr  of  branching 
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Pro.  IIS.— A  Chick  KBit<r7oalili«a[i>1o(  thnCfihiUjol  Incnli*Uuiii,*wn  fram 
ibn  riftbi  •liUt.    Tba  lunBkm  hoo  been  remoTod.     n  sOi. 

I  BL.  <wvr,0]>iiii.     BH.  oKt«  hir.  tcmud  torn  U*  mU-iiMla.     EL  ■ullMr 

rrMiit.  HT.  '<ti'l<i  *->  li.  LA.  liiMlnMi  nr  bIm  XiF.  Unl-liiuli  or  tnf,  ITS. 
■BijiMca  •><  3r-t  •I0I-4;  i.<-i.',  JtH.  ■>MBiB)«n  (unnxtlna  Br*  and  nscciul  tfiml 
g»"rtl«.    OC.  •}''     Oil.  '  ''".^lal  Dhhvl.     ItV.  naiuwlrnr  iMfi.    TA.  ■Itoial^ 

tfili-TUItiMlmlfT*.    y. «jhtb»l»k fc—nrfc n* tritiMl— I  —r»n    TILw«*Ulii« 
tttttinmt.    Vm,*l(lilk  MuidlunrMtfve.    TT  ninth  i»  tliii«m*«ijini«l  ^aii 
X. inmli  cf  [wwiMnwow  mtnl    X, HwhI  Imnoh if  w  wa  iMiili  tmw.    X". 
•uuiuUum  cwiiH«ib(|iQniiM^Mrt«iBrraitlliiUwf»iidlM«llfatliiiiftHi|MrnL 


tobnlar  diverticiilA.  Its  condition  on  the  eiglitli  day  is  shown  is 

Fig.  no,  Fn. 

In  front  of  tlte  piiieol  body  the  roof  of  the  ihslamencerphalon 
is  T(>r>-  thin,  and  ItecomM  tbrmru  into  folda  whieh  hung  down 
into  the  vcutriclu  :  bi-lwcen  tbo  layers  of  theee  foldtt  aumerous 
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blood-vcesela  penotmte,  to  form  the  choroid  plexus  of  the  tiari 
ventricle  (Fig.  UQ,  XA). 

Immvditttely  behind  the  sUilk  of  Uie  pineal  bodjr,  the  prwtftow 
oommiaaure  is  jsvelopcfl  in  tlie  roof  of  1  ho  thftlamencei^ialon,  a« 


,M      PH     XA     af 


CM         TO    IR   HC    tS     LT    B3    P^  HB     MR        Til 

FlO.  I IC—A  median  ]oi:eltndInnl.  ai  sBgllLal,  HCLiun  ot  ihs  bend  aoA  •Olflrior 
pnrt  of  till-  Deck  ot  a  Clilck  Embrjo  at  tho  en<j  of  Ih*  •igbtti  dxj  at  incabi- 
lion-    >.  10, 

SB- ''"<'"wi'^)>>'>'  iMirUliuia.  SF.tlilMnuirlrk'.-si'iiTLIyul  Un  tiMkUKBBepbilail. 
BIi>  ti'rvlniUmu,  BU.  SflTlaiL  Hi[i«1uit>,  or  millv  <'f  lire  Btil.lnlEu  B8.  launl 
nuirldv.  DrodTlly  ot  Uro  «cnbnl  liwuj'iilwrT.  BT.  Ininiiu  IsnulnaUk  BlTi-^lw^UV 
kibeot  (lie  iwnliFil  ln-tntiiiliBi».  CH.  imtiwliur'l.  ZIB.  M>t»n<il  Riuuclilaii  iiit*. 
i^.  nmrUiuiM  etnain.  FB.  rufUnwntAiT  cnilicr,  H  B.  tnHlSnl  nrtUw.  HRi 
««nih>I>)'BL  IN.  Itifiiiiilllniturn.  K.  pt'i'IuJUl  1iii»>'  •'■>  Imk.  IiB,  irwiink  I/C. 
Sln(il>.  HO.  Umbrl'i  nuaiaim  NS.  'vUmI  <v>it<,  PN.  iiliintl  bmti.  PT.  vUuTUiiy 
Inlj'  p]"'.  aUll  i-t  iliuliu)  ix-ly  &0.  |->iiuih<ipLiil  OBiilIiua.  T^.  U"<i:ii>v  TO, 
ttiK|ilaA|pUh    Vl,iitiinkl  nh-Luf  tlrtt  or  ikltnfl  Ti..n<-'Eirb    V?.  orlitruut  i-t  Hrvti'l  '>r  kiU 

Wlll[ill»     £  IIiIIqIi  III  niinrLliiiHilil  (wtiliurt'  fui  nlCmrtntj  iii>niL    H. ripUc  ililunui. 

a  trsuBvrrBu  bunt]  of  nerve  fibres  connecting  the  two  optio 
tlialami ;  it  la  fhosm,  thou^^h  not  lettered,  ia  Pij;;.  116. 

Tho  floor  of  the  tholmnynpoplinloti  is  il»prcs««l  vMifntlwardg 
to  form  the  iofiiadibiiliuit,  wliicb  Ii>-s  vcrj-  close  to  the  ante- 
rior end  of  tho  notoobord,  and  early  iwquirea  intioiate  relations 
with  the  pituitary  body.     The  iufuadibtilam  is  already  present 
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on  tho  emond  day  (Vig.  112)  :  dnring  tlip  tliird  itnd  rollonin^ 
days  it  becomes  mucli  mora  clourlr  dcrfinrd  (FigK.  114,  ViH, 
in);  iind  about  the  eightfa  day  (Pif(.  116.  IX),  a  pockoi-lik« 
dir^rtic-uliiiii  arises  from  its  floor,  H-hich  ie  directed  biickwardn. 
mid  becomes  wedj^  in  botwi^m  tlic  niiterior  *nd  of  tlie  noto* 
chord  and  the  pituitary  body. 

In  front,  of  Oib  infundibulum  the  floor  of  t)ie  tliidiunou- 
fficpfanlon  bwomes  greatly  tliickeniHl,  in  tl)(>  later  stAgM,  by  liie 
development  oniie  oirfic  clunania  (Fig.  IIC,  n). 

The  pitoitaiy  body,  tlioitgli  not  realty  a  part  of  the  iHnin.  !b 
80  inlimnt^ly  conn<>ct^d  witlt  tlua  that  it  may  conveniently  be 

cribed  hen. 

The  piliiitary  body  app«aT8,  tovarda  the  end 'of  the  second 
day,  as  a  {KK-kct-lilco  diTertieulam  of  the  anterior  angle  of  tJie 
Btomntodeciim,  or  mouth  invBgination  {cf.  Fig.  1 14,  PT);  it  lies 
wedged  in  between  tlie  anterior  ead  of  the  lueseDteroii  ntid  the 
'  floor  of  the  infandibulum,  and  iU  blind  extremity  is  in  cloae 
dHitact  with  the  anterior  end  of  the  notodiord. 

Oti  the  formation  of  t)io  mouth  pt-rfontaoQ,  which  plioea  tlie 

'  Itomalodiuum    in    ccmmimicatioii    wIlli    the   meeenteroQ,   th« 

pituitary  body  (Fige.  114,  123,  PT)  persists  as  a  diverticulttm 

frnni  tlm  rouf  of  the  mouth,  with  the  Bnme  relations  as  before 

lo  the  infondibaluin  «iwl  lo  the  uotochord. 

During  the  succeeding  days,  while  the  face  id  being  esta- 
blished and  the  beak  is  growing  forwards  pi-ominently.  the 
pituitary  body,  retAining  its  rclatioiL^  with  the  brain  and  tlu? 
notoclionl.  iH-coiiics  left  further  and  further  back  in  the  roof  of 
the  mouth. 

At  tJie  eighth  dny  its  poeititm  and  relations  &re  sliown  in 
rig,  1 16.  The  upper  blind  end,  PT,  has  given  off  a  number  of 
bnaehtog  tubular  dir^rticula.  whieh  ti^gether  form  a  rounded 
vascular  niaHi.  lying  immediately  betuw  the  infandibulum,  i!(. 
and  in  the  pituitary  foramen  at  the  bn^e  of  the  fdcnl),  between 
the  tmbeculie  crnnii.  The  atalk  of  the  pitnitan,-  body  is  still 
present  as  a  narrow  tube,  pt',  which  opens  into  the  roof  of  the 
mcFUth  in  the  mitlian  plane,  opposite  the  gloCtas,  LT,  and  jonC 
io  front  of  tlie  opening  of  the  Kustachian  tubes,  Es.  Ity  the 
twelAb  day  the  stalk  has  liecome  a  mlid  rod  of  ecUs,  and  the 
oommuiiication  betwi-on  the  pituitjtry  body  and  the  mouth  is 
finally  cut  off. 

•  9 


Q60 


IHE  cmcK. 


TJio  optic  Tesiolei  firise,  early  on  tlie  seconii  d»y,  as  a  pair  of , 
lateral  ontgrwwtha  fiom  the  fore-brain  (Fig.  Ill, bo).  TheygiTf^ 
rise,  as  in  iJih  frofr,  to  the  retina  and  tbe  retinal  pijinicnt  of  the 
eye.  and  tiicii'  ili^v^Iopitieutnl  changes  will  Ih>  described  iu  tba- 
section  dcnling  with  thi;  foramlioii  of  th«  eyp  (p.  27r>), 


The  cerebral  hemlBpliereB.  About  thu  middle  of  tlio  second 
day,  the  fore-brain  ( Ti^.  Ill,  bk)  l)ei»iii8  to  gmw  forwartiB.  in  front 
of  the  opiic  vesicles,  as  an  anterior,  median  ontgroivth ,  the  vedele 
of  the  liemlsphereB.  At  the  name  tiinn  cn-iiuiiil  flrjciiru  beooim'* 
ppononncsd  (l'i}<.  11-),  owiug  (o  the  dursal  surrscu  of  the  head 
gniwing  faster  than  the  ventral  butface;  the  axis  of  tbe  brain 
Irocoming  a  curvml  in^ftivul  of  n  slrnight  lini-j  ntid  the  fonvbraia 
heinw  cairitid  round  to  th<>  vent  Pal  Bui-face  of  th(>  head.  Th«7 
curvature  of  the  brain  progresses  rapidly;  the  foi'e-bmin  (Vig. 
113)  hecotnlng  placed  nt  right  aiigk-s  to  the  rest  of  the  brain, 
ftud  the  mid-brain  growing  forwarda  so  as  to  lie  at  the  exlromie 
jinU-rior  end  of  the  bt-nd. 

The  vehicle  of  the  hemispheres  grows  rapidly,  both  in  longtki 
aad  width  ;  durin<^  tJu'  third  day  the  paired  corobrai hemisphareA' 
arise  from  itK  aut«>rior  eud  as  thin-wal!ed  fiul^rowtlisi,  separntcd 
by  D  median  furrow.  Tbe  hemiepherea  (Figs.  113,  115,  and 
123,  bS)  enlarge  rapidly,  growing  upwards  and  forwai^a,  and 
forming  ft  pnir  of  prominent  ronndcd  swellings  at  tk-  anterior  end 
of  thfi  head,  very  couapicuuufi  in  enihryoK  of  tbo  Ihirr)  to  the  wreiitli 
or  eighth  day.  From  tbe  vfntral  surface  of  thfir  anti^rior  ends 
the  oUactorj"  iipit&b  arise  at  a  vt^ry  early  atage- 

Frora  the  eighth  day  onwards  the  hemisplieree,  tLoiigh  etili 
Locrcueing  in  aixi-,  become  less  amspiciums  fi-oin  the  surfiiw,  owing 
to  the  forwai'd  growth  of  the  face,  and  eqieeially  of  the  l>eak,  which 
elongat*'^  nipirlly  and  completely  alters  the  shape  of  the  head 
(Fig.  116).  .U  the  beak  extt^nds  forwards,  thoaatoriorondsoftho 
beiiiii^phei-eii,  from  which  tbo  olfactoiy  nerves  arise,  grow  otit  as  a 
pairorHtnall  lioUow  buds,  the  olfactory  lobfti  ft-'ig.  1 10,  by),  from  , 
the  ends  of  which  the  olluctory  tti,TV<>&  nm  forwards  to  the  Qosei 
The  walls  of  the  hemispheres  aro  at  first  thin ;  in  the  later 
stages  they  thicken  considerably,  especially  on  the  oiit#r  side  of 
tlifir  hinder  ends,  where  they  form  the  corpora  striata.  'IIih 
cavities  of  thw  humisphori-'s  pt-risist  ihroughout  life  as  the  lateral 
roalrides  of  the  brain,  which  reta.iit  their  coniniunicatioQ  witi 
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the  tliinl  rentriolc,  or  cavity  of  llio  f<)rc-l)rain,  throngb  n  pair  of 
OUTOff  aiierUires*,  tlie  foi-amioa  of  Monro. 

4.  The  Peripheral  Uervom  System. 

ft.  General  Aeoonnt.     The  n«rvee,  both  cranial  and  epiiial, 
which  compOHt*  tbi^  |H^ripheral  nervouK  syKtem  are  eotirely  of 
[^epihla^tic  urigiu.ond  develop  in  a  uuuioer  clo&oly  siinilur  to  that 
nlreatly  dtwribed  in  the  frog. 

The  nerves  fall  uiidpr  two  categories  :— 

(i)  The  ganffUoQated  nerves.     Thi'sc  urisc  directly  from  thf 

inner  Biirface  of  t}ie  cjiiblast,  as  a  pair  of  hitig-il.iiiliiial  aeural 

ridgei,  along  the  iimrgins  of  Ui&  ueurni  plate.   They  appear  before 

.(bo  nuural  tube  in  clasnl  (Fig.   1 17,  ma),  and  by  the  folding  of 

fiu  walU  t«  oonipU't^  tlic  tube  thoy  get  carried  ou  to  it«  dorsal 

surface,  where  tbey  form  a  pair  of  bands  (Fig.  1 1 8,  n\),  projecting 
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fia.  117.    Triuuk-MM  uxtSon  aetoat  tho  bodjr  of  &  Chick  Kmhr^oat  Ihs  twimtr- 
fimrtli  boiu  oUacabAtloii.    (Cf.  PifT- IIU)     >  HO. 

OH.  »»Mtiar4.    B.  ■fUuL    B>  hrpvUiut-    U,  ■»>■»>«■    UA,  nullltef 
UniiKl  rU|«,    HO.  iinirkl  rrwra.    JIP,  iirvral  jilitn 

outwards  from  the  angles  iiuhv<^eti  the  external  epibbist  and  thi^ 

(irallBof  the  ueunil  tube.     On  thr  completion  of  the  uennil  tnbo- 

by  AuioQ  of  its  lips,  tb*.-  neural  ridgos  »epnrAt<;  from  tl>^  HurfAC* 

r«|)iblMt,  bat  reiuaiu  in  cloae  contact  with  the  dorsal  aurface  ol 

the  tnbe  (Elg.  119,  xh). 

Tbe  nigral  ridges  ant  at  fint  Goatinuoas  straciuroe,  from 
which  tbt.-'  nun'c  googltii  ansa  as  paired  oatgrowtlts ;  theae  grow 
rapidly,  exkiuding  outwards  and  downwardi;,  and  acquire  their 
pemuuent  nxtts  of  attachment  by  outgrowth  of  nenre  flbr«fl 
from  the  gaaglioD  cell):  into  the  bmiii  or  i^pinul  cord. 

To  thU  category  belong  the  fiflb,  th«  MiivvDlh  nnd  eighth,  the 
teiuonj  roota  of  ihe  ninth  and  tenth,  with  pei^aps  one  or  tnn 
of  tbe  other  cranial  nerves ;  and  the  donsul  or  senstny  roota 
of  the  epinal  nerve)'. 
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(ii)  Tlie  non-gang^lionated  nerves.  'Hiese  oxise  as  dirtirt  oot- 
growtLs  fniiji  thu  niTvo  colls  of  the  brain  or  spina]  coril.  The 
nerves  of  thin  category  derelop  at  a  mther  lator  period  than 
tbose  of  the  former  oue ;  they  are  all  motor  iu  function,  and  U> 
tbcui  belong  the  sixth,  and  perhaps  some  of  tho  oth^  ciwual 
□erres,  and  tlie  vi^ntral  or  motor  root!*  of  tht^  spinal  nerves. 

Certain  of  the  cranial  nerves  cannot  at  prest-nt  be  referred 
with  certainty  to  either  category  j  but  in  their  cases  our  ktion-- 
leJgc  of  thu  do  vel  op  mental  history  is  incomplete,  and  fnrtber 
research  iti  necessar)'  before  any  definite  statement  can  be  made 
coQCenuDg  their  riiai  nature. 

With  regard  to  the  nerves  definitely  iiicImltHl  in  tlie  first 
catugnry,  a  diritiiiction  mnst  Iw  inaile  l>etwepn  the  cranial  aiid 
tlie  8|>iual  nervets,  similar  to  that  already  di^cribed  iu  the  frog- 
Thu  crnmal  nerves,  in  their  growth  ontwards,  lio  »t  fir«t  verj- 
superfioially,  just  I>ein>ath  the  external  epiblast.  JTear  their 
distnt  ends  they  early  a«[tiire  couDecliciu  with  localised  thick- 
ootngff  of  the  external  epiblast,  situated  about  the  horizoulal 
level  of  the  notxxilionl,  and  jtist  above  the  dorsal  boi-dere  of  the 
gill-clefta.  From  thi-ae  thickened  patches  of  epiblast,  which  am 
probably  to  be  regarded  as  sense  orgaiia,  cells  an-,  bnddt-d  off 
into  the  nerves,  which  appear  to  take  n  direct  part  in  their 
furthpr  develnpnient. 

Tlie  spinal  ncrvos,  on  the  other  hand,  are  from  the  first 
mor<>  dwply  situated,  lliey  li»  betwHCti  the  spinal  cord  und  the 
iiiuacle  plates  (Fig.  121.,  NK),  and  do  not  acquire  the  cuimcc- 
tionB  with  tbc  vxtemul  epLblost  wliicli  are  dbATscteristic  of  the 
cranial  nerves. 


b.  The  Cranial  ITervfiB.  The  first  trace  of  the  cranial  nerves 
appwirs,  ill  the  chick,  in  the  region  of  tbi-  mid-lirain,  about  the 
tweuty-secotid  hour.  At  this  Btagw.  slightly  younger  than  that 
bhowain  Figs.  110  and  118.  the  neural  folds  have  nearly  met,  in 
the  regidu  tifthe  head  and  neck,  bnt  have  not  yet  coalesced  nt 
any  part  of  their  length;  while  in  tlie  body  region  tlie  central 
nervous  system  ia  still  a  widely  open  groove.  Only  one  or  two 
pairs  of  menoblastic  somites  tire  as  yet  present. 

At  tbe  lips  of  the  nouml  groove  there  ifl  on  either  side  a 
I'idgo-like  outgrowth  of  cpiblast  cells,  from  the  angle  betwe«?n 
the  external  L>pib)a»t  and  tlie  wall  of  the  neui-al  canal.     This 
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outgrowth  (F^g.  1 18,  na).  which  cot»ist«  of  cells  moro  spbcrieal 
'in  Bhap«  than  those  of  the  surrace  epibUitt,  or  of  the  brniD- 
w&II.  appears  first  iti  the  region  of  the  Tnid-brain,  but  rapidly 
«xten<lH  both  forwurJs  an<l  back^urJs :  forwards  as  fur  as  the 
anterior  purt  of  (he  fore-hrain ;  bncliwardH  niong  tl]t>  whuin 
length  of  the  hiiid-braia,  and  a  oertun  dtntaDoe  doim  the 
•giiniil  ct»-d. 

Tliea."  outgrowtha  (Fig.  118,  ka)  are  the  netir&l  hdg««.     As 

tbey  oriee   before  the  lips  of  the  neural  cannl  hnve  met,  the 

,  Dearal  ridp'^s  of  the  two  eidea  toe  at  first  completely  iadepentlent 

[of  each  other.      A   (vv  hotm  InU-r,  when  dotiun;  of  lliv  nuuml 
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PlO.  IIK.— 'rnuijivenapM*ioKMtOwllielM«(lof  aChiokKnlirjaU  l>«lw<<*t]r- 
Twuth  boat  vf  inculnCloDi  pWHiing  llininKli  Ui«  itgion  of  Uie  mid-bnln. 
(Cf.Fi«.  no.)     xlUO. 

wdlM t^thtfyiu.  B,^4Nmi.  H,bn<^bl»«.  HA.MnnJrld^t.  BT, tuwiwBiliia 
liMJt.    Tr.  |>lianiii«. 

canal  h  vfl«cted,  the  netiml  rid|^  separate  completely  from  the 
extermJ  cpiblnst,  bat  remain  closely  attached  to  the  brain  ;  tlie 
ridges  of  Ihi^  two  nidea  at  tlie  same  time  coale<4cing  with  each 
Other  to  funii  a  conttnuoas  longitudinal  band,  the  neural  erait 
(Vig.  119,  Ml),  extending  along  the  dorsal  surlboo  oftbo  brain. 

Almost  fruin  itii  tirxt  uppenraooe,  nnd  b<-foro  the  oounl 
tnbp  }H  clo^,  th4<  n«ural  crest  heconies  more  prominent  at 
certain  places.  Theae  more  prominent  parta  fonn  paired 
outgrowths  of  the  creat,  and  art*  iiituntml  opposite  the  widest 
part*  of  the  cerebral  vesicles.  'Iliey  arc  the  nidiment!«  of  the 
cranial  nerveH  (I'ig.  119,  Mi),  while  the  interrening  narrower 
parts  of  the  cre6C  (Pig.  120,  vu),  opposite  the  oonstrictiooa 
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between  the  cerebral  veeJcWii,  Turm  cominiBsural  liuuds,  which 
for  a  time  connect  togetlier  the  8uccc$»Lve  pairs  of  uerre 
out  growths , 

In  a  typical  omnial  no rve,  such  as  tho  f«cinlorglo380-pKaiyn- 
geul.  the  further  changes  arti  an  follows.  Tlit;  nerve  niduncnt 
rapidly  extends  Qutwamls,  lyiug  close  heneatJi  the  exterual 
epiblast,  but  independent  of  this.  Oppueito  the  nerve,  but  at 
some  little  distnncp  beyond  the  brain,  and  nlxtiit  the  horizontal 
Iot'cI  of  tbi^  ntitochonl,  a  prolifrratioa  of  tho  ct'Uis  of  the  cxtumn) 
epibtast  takf.t  plttcn,  forming  u  sian.ll,  inwat'dly  projecting  knob. 
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Via.  119.— Till usvffne  unction  nerow  th«  hpad (if  nClilck  Ktubrju  at  the  lorty 
Uiird  liourvf  iitcub>i)'iti.  Tbr  icocion  1>  luki-n  lirnnodlstcly  bclii&d  tha 
andltoiTpflcandtliuliciin.aniipitMQi  tlln>Il',:tllhcrut1imDlltsortbeKlMM>■ 
pharTll|r«'al  m-n-ps.     X  lOU. 

A,wru.  BH-nilly  atlilnil->in.Iii.  OH.  i"'<"i'h"T>l-  Ci'lliUrt.  B. Iijiwlilaal. 
ME.  wiHiBl"!  Ji'ilit  e  ityif  I*  Brwblwl.  MH.  "iiliUiflnioiilciirie  Ihjit  hI  nwnliital. 
BB.  ucun]  cml :  llir  ]»rt  ■'lam  ii  In  ilii>  Ajfurr  giit*  rUr  Liter  an  to  il'  nniilla  uf  Urn 
Aw»itilnrTii|[nil  iicrtni    TV.rMi-Uliio  rtiu. 

The  nerw  soon  comes  iu  contact  with  this  knob,  aixl  fusea  with 
it,  close  to  its  distal  L'tid.  (-'elU  aro  budded  olT  from  tlie  knob 
inta  the  norvo,  which  tbua  becomee  reiuforct^il  frutu  the  citibloet. 
The  exact  fate  of  tlit«t'  colls  in  nnccrtuin,  but  it  ia  probable  tbat 
they  take  part  ia  the  formntion  of  the  gnnglioiiic  thicUcning  on 
the  nrrvf. 

The  ittner  or  proximal  end  of  the  nerve  tbiiia  rapidly,  and 
loMi  it-8  coiincclion  with  thp  dorRfil  f^urfflco  of  tt^  brain,  a  con-J 
□ection  which  fmrn  the  first  has  bi-cn  one  rather  of  close  contact 
than  of  actual  continuity.     A  little  way  beyoad  this  point,  honr- 
orer,  the  nerve  acquires  its  permaneDt  attacliinetit  to  the  hmtn. 
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about  half  way  down  its  aide  ;  this  atUcbment  beiiiB  I'ffoctcd  by 
the  outgrowtli  uf  processes  from  the  cells  of  the  nerve,  into  tha 
sabetanco  of  the  brato. 

'V\ih  sltBchiiieiit  i»  noquireil  by  the  fteveotli  nerve  about  the 
eoU  of  the  second,  or  early  in  tbe  third  day  (Fig.  121,  vii). 
Owinff  to  t}ie  part  of  the  braiii  dorsal  to  fJie  iioiro  growing 
inore  rnpitJIy  t.Iimi  it*  vfiitml  jtnrt,  tbc  i-oot  of  atlnclnnent  of  tha 
Derve  b(>coiiie.«  apparently  shifted  Inrther  dowuwnrdF^,  lawardii  the 
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FlC.  130. — TnUiBVonto  aeotion  ncpoas  tb»  bowl  of  a  Chick  Euilirrii »%  tlM  fortf  • 
lliinl  hiurol  litDiibMtoB.  Tbo  BoMioo  |mwm  UuuoKb  ifao  oomanctiiK 
aaAiu-aj  )>iu,  aiul  tlirau)!h  tine  boui.     >  100. 

A- witU,  wit  luttiynf  Ijiwl-bjiilii.  OH.  notMbnrJL  BL  nimuMUlMf  «Mlll<i«y 
(III-  B.tTpJteN.  BB.liMnIn**:  U*  ■MtaiiJMasltaHifltltBtarrmnaialk 
•unl|iinolilH<(it««,wUdiiniUNeti  ilu  rodUaniUal  U>  ImM Md  UillMT  toma 
*IU>  Uiw  al  Uir  tm^rtiynprt  narob  SX.  ttdoiMM  Uitaf  of  Ikmi.  BBL 
miMNlu  wall  or  hnrl.    TP>  l>*»i)M. 

itnl  surface  of  tho  hraio.  aod  by  tbo  end  of  the  tbinl  day  has 
luired  the  posiliriQ  charact<>iii>(ic  of  tli«  uenv-ruot  in  the  adult. 
Al  the  sume  lime,  changw  occur  in  Uiv  txunk  of  Ibe  nerve, 
Owriiig  to  intruniou  of  mesoblast  betweeo  the  eurfacv  epiblast 
and  the  nerve,  iho  latter  beconH's  iiiort^  deeply  placed  tJiaii  in 
tbe  early  tflu|^'«.  The  oonnrction  vrilh  the  eetitfory  patch  ut  tbe 
Mirface  epibla^t  )>er9i9l«,  but  Ik-(H)Iiki(  dntvii  out,  an  the  nerve 
,  Tect^d*«  from  the  enrfiice,  into  a  cut&n«ous  branch  of  greater  or 
leogtb.  Ueyoiid  the  orij[in  of  this  cutoiK'Ous  biiuich  ilie 
ncTre  O0DttQU««  ili;  growth,  and  by  the  end  of  the  third  day,  or 
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early  on  the  fourth  day,  its  tuaiubniiiobMof  dUtribatioDWcoinE* 
dt'finitolj  eHtablishcd. 

Tliesi-  biniiclio*,  in  tlic  case  of  tlio  sevcntb  or  facial  nerve, 
lire  clo^icly  eoiiuoctetl  with  tlio  hyo-niiLii(Ubu)ar  cleft.  Th<«y 
conaist  of  a  largi-  bynidean  or  poitt-branetiial  brancb  (Fig,  11&, 
VU).  wJiich  runs  iilniiif  tbo  hyoul  arch  ;  and  »  Bmallur  miimlt- 
bular  or  prebranchial  branch,  wbich  nina  forwards  owr  tbe 
dorsal  end  of  tbe  liyo-tiiEkiidibular  clefl,  and  then  downwardH  A' 
short  distance-  aioag  tbe  mandibular  arch. 

The  aliovtf  account  vfill  «pply  io  any  one  of  what  may  be 
teniied  tlit:'  typical  cranial  iiei'ven.  It  will  now  be  convenient  to 
take  tbe  several  crauial  iiorves  one  by  one,  &ud  nottt  the  chief 
pointTi  ill  lliuir  individual  derelopmeut. 


I.  The  olfactory,  or  first  cranial  nerve.  Our  knowledge  of 
the  di'vdiipiiicnt  of  Uic;  nifactnry  n^rve  ia  thi;  chick:  is  sttll 
incomplete  in  soirie  n.^fl|ifi'(s.  At  llit?  twenty-nintb  hour  the 
iioiiml  ridpt.-s  fxtpnd  forwards  alon^  the  brain  ae  far  sa  the 
aiitprior  end  of  the  foiT>bniin,  i.e.  in  front  of  the  optic  vesicle* 
(rj.  Fig.  Ill),  Tlmro  an-  rwvsoiis  for  thinking  that  it  i»  from 
the  antarioi'  enda  of  tlie  tieni-al  ridges  that  th^  olfactory  nerves 
ai'e,  at  any  rate  in  part,  developal ;  but  tb»  \mat  has  not  been 
proved  by  actual  observation. 

At  thft  5ftietJi  hour,  before  the  paired  cerebral  ht-misphfrrca 
have  commenced  to  apjiear,  the  olfactory  nerves  may  be  rt>cog- 
nised  as  n  pair  oi'  short,  ontgrowtha,  aiising  fioin  the  dorsal 
Bttrface  of  the  unpaired  vesicle  of  tbe  hemifipheres,  and  running 
downwards  and  <intwnrd8  towards  a  pair  of  slightly  thickeni 
patcbcH  of  cpibla-st,  on  tho  under  surface  of  the  head,  which  foi 
the  earliest  rudiments  of  the  olfactory  pits. 

During  tho  third  dny  the  cerebral  hemiephorM  arise, 
ai'e,  from  the  lirst,  situated  dorsally  to  the  roots  of  tlio  olfact 
nerves;  and,  growing  rapidly  forwards  and  upwards  (Fig.  IIS), 
they  appear  to  drive  the  olfactoiy  nerves  down  to  the  base  014 
ventral  surfacu  of  tbo  braiu.  By  tho  further  growth  of  th 
cerebral  heniispIierpB  tho  original  unpaired  vcflide  of  the  homi- 
BpherOM  iH.'Comcs  obliterated,  ur  riit.ber  nbsorbed  into  the  lie 
spheres,  and  tbo  olfactory  iiervi>5  from  this  time  anse  directly 
from  the  hemispheres.  During  the  third  day  tho  olfactory 
pit6  deepen  rapidly,  and  the  distal  ends  of  the  olfactory  nerves 
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«oatniaoiiK  w  ith  tlit'  olfnctorj-  epUbelium.  Tlie  mode  in 
Ibis  connection  in  ncr|uired  is  closely  similar  to  that  in 
irtich  ibe  typical  cranial  norre  acquires  cottnoction  tirith  the 
■ensory  patch  of  the  Kiirface  ppib1ai<t,  and  it  lian  been  saggnted, 
.Witlt  tnucb  reowu,  llmt  tbe  olfnctorj'  epiliit'ltutn  timy  be  bono- 
:s  with  one  of  these  sensorv  patches. 

The  condition  of  thw  olfactory  nerve  nt  tlit>  ond  of  (he  fiftli 
day  is  fhown  in  Fig.  1 15,  t.  Thu  ucn'r.  which  Is  elill  very  short. 
as  dowiiwiirdg  mid  hnc-kniuds  from  tlie  utidei'  eiiirface  of  the 
hetniupherc  (o  the  olfuotorj'  i)it. 

Oil  the  seventli  liay.  as  already  noticed,  tJie  1>eak  begins  to 
fono  ;  ami  during  thii<:  and  thv  following  days  it  growit  forwards 
with  great  rftpi<lity.  Th*-  olfactoi-y  sacs  becomi'  imU-dded  in  the 
■id«8  of  the  beak  (Vig.  l-ll,  ok),  and  are  cni-ried  f..rward»  with 
the  beak  aa  it  k-iigthciis.  This  cauees  a  cluingo  iu  tlic  direction 
and  in  the  relations  of  tlie  olfactory  nerves,  whidi,  previously 
qoicsoent  and  inactive,  hare  now  to  elungato  rapidly,  in  order 
tnaintftin  the  connection  Ix'lween  ihc  olfaclory  organ?*  and  thr 
brain.  This  elongation  is  fffectt-d  mainly  by  growib  of  ihi- 
ni*rvL-8  thi'iiiM-Iveit.  biit  ptuily,  rm  nln-ndy  t-x {)Iaii»-<l,  by  pulling 
out  of  the  anterior  fiids  of  the  licniisphereM,  from  which  thf 
ot&ictory  nerves  arise,  to  form  llie  olfactory  lobi-s  (Fig.  U6,  Bv). 

It  ifl  very  possible,  tJiLTcfore,  thoiigli  not  yet  proved,  that 
tbo  olfactory  nerve  i»  really  comparable  to  n  typical  cranial 
iwrre,  such  aa  tlie  facial,  in  which  the  sensoiy  cutaneous  bntDcli 
is  the  only  one  developed. 


II.  The  optlo,  or  aecond  cranial  nerve.  The  optic  nerves  in 
the  chick  are  vt-r\'  geiiemlty  iV.icrilnil  u.h  Wing  formed  dirertly 
from  the  constricted  necks,  or  Htalkn,  of  the  optic  reMcleii,  which 
connect  the^o  with  the  hrnin.  If  this  be  correct^,  the  optic  ner\'e 
is  iji  no  way  comparable  with  the  other  nervei>,  cranial  or  spinal, 
hnt  must  be  contrasted  with  all  of  the.ie  at  being  formed  by 
direct  moditicattonof  part  of  the  brain  waUb. 

ThoH'  art!,  howevrr^  atroDg  grounds  foi-  stis{>ecling  that,  a^* 
in  the  frog  (p.  1-J9),  the  6bi«8  of  the  optic  nervt"  really  arise  in 
tiie  retina,  and  grow  inwards  to  tlie  bratn ;  the  optic  stalk  affisrd- 
ing  the  path  along  which  they  grow,  but  i>ot  iteelf  taking  any 
dil«Ot  [Ktrt  ill  their  fcirrnalion. 

The  netinl  ridges,  aa  already  described,  extend  forwards 
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along  t  ho  whole  I'-ngth  of  the  fore-brain,  hut  they  do  not  appear 
to  take  any  part  in  the  developtiipiit  of  tlie  ojitic  nerves. 

in.  Th«  motor  oculi,  or  third  cranial  nerve.  The  third  n«rre 
is  the  only  one  wiiicli,  iu  theiuilult  ijirti,  !iri»t^-)>  from  Hit-  uiid-braia. 
The  nenr.-k1  ndges  appear  lirst  of  nil  on  die  topof  the  mid-braiQ, 
and  early  nti&in  a  grcnt  size  in  thitt  ]XJKition  (I'ig>  118,  Na),  hut 
it  is  not  yet  clenr  n*hnt  hnpp<>nR  to  theHe  ridges  in  the  later 
BtOf^es.  It  is  poasihle  tliut  they  tfike  part  in  the  formatioD  of 
the  third  nerve,  but  thie  has  not  bwn  proved  to  be  the  case. 

The  nctuftl  date  of  the  first  npp«arnn<w  of  the  third  nerre 
has  not  bt-en  dflenninL-d.  About  the  middle  of  the  thii-d  day 
it  is  clearly  visible  us  «  nerve  of  mther  Urge  siw  (Fig.  124, 
m),  arising  from  the  base  of  tht^'  itiid-hr&in,  nob  far  fi-oin  the 
middle  line,  nnd  running  backwards  and  doirnwards  towanls 
the  hinder  border  of  the  eye, 

JJy  the  fifth  day  (Fig.  IIj,  hi),  the  third  nerve  has  the 
ch&nicteristic  course  of  the  atlult  nerve,  niiulii;*  from  the  lloor 
of  the  inid-hrnin  and  ninniiig  downnriirds  nnd  bnekwurds  int' 
Tnedintcly  behind  the  t-ye. 

There  ure  8tri>iig  ri^niiona  for  I'egarding  the  third  nerve  as 
corresponding  to  at  any  lute  n  part  of  a  typical  cr&uial  nerve, 
but  until  its  early  development  is  more  clearly  ascertained  it  u 
iiniHjSKthlu  to  Hpenk  de&nitvly  with  regni'd  to  it.  Its  origin 
fitini  tha  base  of  the  bruin,  close'  to  the  mediiiu  plane,  its  dia-, 
tiibution  to  muscle.'*,  and  the  fat-t  llmt  it>B  root  in  the  early  stages' 
(Rg.  115,  ui)  ie  mnltiple,  Imve  led  most  invetftig&lorg  tocoinpnro 
it  with  the  ventml  root  of  a  s])inal  nerve  rather  than  with  tha 
dorsal  mot. 

The  ciliary  ganglion  is  stated  to  he  foimed  in  the  cliick  in 
oonndction  with  a  knub-like  thicki^ninf^;  of  the  surface  opiblast, 
umilar  to  the  sensory  patch  ot'n  typical  cranial  nerve. 


1\'.  The  fourth  cranial  nerT«.     The  fourth  ncrv**  in  the 
adult   is  peculiar.    Inui^mueli    a.-*    it    is   the    only    nervo   which 
arises  from  the  dorsal  Hurface  of  the  brain,  and  niso,  uo  far  as  is' 
known,  the  only  nervo  which  arises  from  a  constriction  i>etweea 
two  bniiti  vosicie«  instead  of  from  the  middle  of  a  vesicle. 

In  a  chick  embryo  of  the  Hfth  day  the  fourth  nwve  is  enaily 
recognised.     It  is  very  slcndoi-,  but  haa  already  the  course  and 
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relations  diaracteristio  of  tli<?  norvo  in  the  adult  bin).     Its 
cleTetoptnciit  in  tlio  diick  is  unknown. 

y.  Tlte  trigemiaal,  or  fifth  cranial  nerve.  T'b«>  trigRRiinal 
non'oariwii  from  tlie  neural  ridg*>  on  the  first  or  most  anterior  of 
tlwtvencleaof  tli^liind-bmiii,  und  its  developmont  accords  exactly 
with  that  of  n  tj-pical  cranial  nprve  ob  descriU'd  above.  Thp 
gnnglion  of  the  trig«nuoal  nerve,  or  Gas»eritui  f^an^lioo,  ia 
formed  mainly  £n>in  a  portion  of  the  neumi  ridf^e,  reinforced 
from  on  independently  nriaing  knob  of  the  sarfoce  epiblost.  The 
permanent  attachment  of  the  ner%-e  to  the  side  of  the  hind-brain 
is  ncquiml  at  thi.^  conmicncemont  of  tho  tliird  day;  and  about 
tlit>  unme  time  l\if>  nerre  divides  distally  into  ophthnlniic  and 
inandibnlar  branches,  of  which  the  former  {rf.  Fip.  115,  v')  runs 
forwards  along  the  inner  side  of  the  eyeball  to  the  front  of  the 
bead,  while  the  latter,  V,  ruri«  dovrnwanls  aivd  iMckwanU  in  the 
mandibular  arch.  From  the  mandibular  nerve,  the  maxillary 
nerve  arisee  on  the  third  day  as  a  branch  (rf.  Fi}{.  115),  vhicb. 
nnis  foTwnnls  lit  the  maxillary  arch  or  iipitvr  jaw. 

The  development  of  the  raotor  root  of  the  trigeminal  ai>rve 
in  the  chick  has  not  bei^ti  determined  satiefactorily,  and  it  ia  nut 
yet  certain  whether  this  is  a  part  of  the  origioikl  nerve,  or  whether, 
ai>  .teems  more  probable,  it  arises  mdependently  as  an  outgrowth 
fVum  the  brain  itself. 

VI,  The  sixth  cnmial  nerre.  The  rixth  nerve  is  of  a  very 
difTerent  n:ittive  to  rlio  trigi.-miiuil  or  facial  nervM,  and  in  its 
mode  of  origin  mid  i'e)utiou><  agreea  more  closely  than  any  of  the 
other  cmnial  iiltv.--  with  the  %'entral  or  motor  root  of  a  spinal 
nerve. 

It  appears  dnring  the  fbarth  day,  arising  from  theba^eof  the 
hind-brain,  near  the  median  plane,  by  a  Duinb(>r  of  very  slender 
rootlets,  the  niofet  anleriov  of  which  is  on  a  level  with  the  hinder 
part  of  the  FM>t  of  the  trigemiaal  nerre,  and  the  moet  posterior 
one  oppotito  tlie  root  of  the  facial  nerve.  Tlte  rootlets  unite 
together  to  form  a  slender  iivn'e,  which  runit  fom'anU  below  the 
base  of  the  brain  to  the  external  rectos  mufwte  of  the  eveball,  in 
which  it  ends. 

VII.  The  facial,  or  urenth  cranial  nerve  arises  from  the 
nfunU  crest  on  the  top  of  the  second  vcddo  of  the  bind-brain  ; 
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its  developme»t  ha<t  alrv&ly  heea  de»crlb«id  as  llut  of  n  typical 
cntnial  nerve, 

VIII.  The  auditory,  or  eighth  cranial  nerve  (Fig.  11-j.  \'ni) 
is,  in  the  chick,  continuous  wilii  tlio  fiiciol  uoi-ve  from  ita  firat 
appeai-nnce.  It.  is  a  short  stout  nerve,  which  at  n  verj-  early 
jwriod,  about  the  fiflii^th  hour,  comes  in  contact  with  the  auditory 
cpith^Hum,  and  fuses  with  this.  Tim  »ti1>s';giiciil.  dt-v-ulopmont 
of  the  uorve  coiiaistti  mainly  in  ils  diviHioii,  dislallr,  into 
brouchea  supplying  the  scvei-ai  special  ftatches  of  the  audiloni' 
«pith(^lium,  >uk1  will  be  d<>^(rt'il)ed  nior«  fully  in  the  Beotion 
dealing  with  the  devt'lopmeut  of  the  ear. 

Ho  far  as  the  cliick  is  concerned,  there  appears  to  be  no 
reason  for  sc-p-'kratiug  thv^  fncial  aud  tiuditory  iiervas  from  each 
other.  The  two  Togetlier  make  up  a  typical  cranial  rn?m\  of 
which  the  ftuditoi-y  nerve  i-epresL-nta  the  cutunuous  binnch, 
greatly  hypertrophiod  in  cOD3e(|i]eiice  of  tlie  large  size  and 
Iui]»or(:anoe  of  tlio  sensory  patch.  i.e.  the  interual  ear,  which  it 
auppli**a. 

IX.  The  glosso-pharyiLge&l,  or  ninth,  cranial  nerve  (Figs.  115, 
IX,  and  110,  -NU),  is  at  first  contiuuouH  with  the  piifumugnslric 
or  tenth  norve,  a  sin^^le  eloiipntod  t-trij)  of  the  neural  ridge  on 
the  roof  of  the  hind-brain,  immediately  behind  the  eai",  giving 
origin  to  both  these  aerves.  Tlie  strip  dSvidotj,  bvfbrc  the  end  of 
the  second  day,  into  an  anterior  or  glosao-pharyngeal  portion, 
and  a  posterior  or  piieuuiogastric  portioit. 

llic  gloBHO-phari-ngnal  dt-nolops  aa  a  tyjiical  cranial  tierre; 
it  enrly  iicttuirea  connection  with  a  aeiisiii'y  jwitch  of  the  surface 
epibtaut,  niid  itt^  maiti  etoui,  bt^yoiid  thiH  jHiiot,  runs  downwards 
along  the  first  bmnchiai  nrrh  (Fig.  llo).  The  root  of  attach- 
ment of  tliL-  iii?i've  to  the  briiici  early  becotues  multiple,  consisting 
of  four  or  five  small  ntotlete,  which  sjiread  ont  in  a  Cin-like 
manner  on  entering  the  brain.  The  miiltiple  character  of  the 
lOOto  of  the  glosso-pharyngeal  ncrvo  is  of  intervst^  as  showing 
that  the  similarly  multiple  nature  of  the  routs  of  the  third  nerve 
is  not  incompatible  with  a  possible  origlu  of  this  latter  from  tli8 
neural  ridge. 

X.  The  pneumogattrie,  or  tenth  orauial  nerve  (Fig.  115,  X) 
arisee  from  the  posterior  }iart  of  the  outgrowth  from  tlie  neural 


TflK  CIUNLVL  ANU  SEIHAL  KKItVEH. 


271 


ridge,  common  to  it  and  the  ^losao-pLaiyng^al  nerve.  At  first  tlie 
pDeumogostric  is,  ir  an;,-thiug,  tlio  sniallLT  of  the  two  nerves, 
bat  it  soon  becomes  distinctly  the  larger.  Like  the  j^osso- 
pharTngeal  nerve,  it  early  uajuirea  mtiltiftli-  ixwtH,  tlio  most 
antdriorof  wlitob  Ih  directly  contmiioun  vitli  the  hmdinusl  ot 
the  roota  of  tb«  gloaaophftryngeal  nerve,  without  entering  the 
brail). 

Beyond  the  ruaU  of  origin,  tlie  main  Ntein  uf  tlio  pneumo- 

rgnstnc  nerve  i-udh  downvrarda  and  backwards,  [mralli.''l  to  the 

■  gflosBO-phar}'iif:real  iii>rve;  it  expands  into  a  large  fuiiifunii  gan- 
glion, (ruin  which  hrancli&s  are  j{iven  off  tu  thi.''  second  and  third 
hmnchial  arches,  as  well  as  largo  braiicbea  to  the  hi^ai-t.  iting«, 

I  and  mt^stioee. 

From  tJbe  hindmost  rooboForiginof  tliepneuniogtutric  uerve 
from  the  brain,  a  long  oommiwtuml  bmnch  (Kig.  1 15.  x">  runa 
bnekivards  along  the  side  of  thu  uiednlla  oblongntn,  and  i«  oon- 
tinoou»  postteriorij  with  the  ganglion  of  the  first  spinal  nerve. 

'Tliis  commisiiiinil  branch  is  derived  from  the  part  of  the  iteural 
ridgp  between  the  pnettrnogsfltrie  and  Bi-st  spinal  nervM. 

The  mode  of  de%'elopiiieut  of  the  apinaL  accessory  or  elc^'oalh 
cranial  nerve,  and  of  tli»  hypoglOMal  or  twolilh  crauinl  nerve, 
has  Dot  been  eatigfactorily  detemiined  in  the  oliick.  The  hypo- 
'gtossal  nervr  has,  from  the  first,  the  n-Iattons  chomcterintic  of 
tha  vtmtral  roots  of  the  spinal  nerves ;  thoagli  whether  it  corre- 
spotida  to  one,  or  to  more  than  one,  of  such  roota  is  not  determi  umI 
irith  certninty. 


It  is  intereating  to  note  that  the  definite  relalionx  of  the 

fifth,   seventh,  ninth,  and  tenth  crftninl  nerves  to  the  v-iacerJ 

arches  arc  us  characterisilically  tihown  iu  an  embryo  chick  of  the 

ttHh  day  (Fig.  115)astheyare  throughout  life  in  atypical  water- 

'  breathing  Vertebrate  such  as  a  dogli.>ih. 

0.  The  Spinal  Nerres. 

The  donal  roots  of  the  spinal  nerves  develop,  oa  already 
noticed,  in  a  manner  practically  identical  with  the  typical 
cranial  nerves.  Their  first  appearance  is  almost  simaltaDeoua 
with  that  of  the  cranial  nervee;  tliey  may  be  recognised  in 
abryos  in  which  the  first  two  or  three  pairs  of  mmoUaiUc 
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somites  at«  aIoik-  pn-seiit  {rf.  Fig.  110).  nnil  tkom«iiviu»  emn 
prior  to  the  tlefiii!l»  formatiou  of  auy  of  the  sumiten. 

In  the  anterior  port  of  the  spinnl  cord  tlie  iieurul  rid(^« 
appear,  jurtt  as  iutfat  brain,  asct-llularprolifi^rntiQitB  from  the  rc- 
enteririjv  angles  befween  the  external  epiblant  andtho  iipe  of  I  be 
ueur»l  plat*",  wliich  latter  bavt*  already  growu  in  towards  »ch 
utlicr  n  certaiu  di&tance.  Tbe  neural  ridges  of  llie  spinal  cord 
ftru  ilirt'ctlj'  cotitinuouH  witli  thoso  of  tlie  brain,  and  from  llirin 
thRt^nnglinofthpHpino]  nerves  arc*  derived  at  paired  onigrowths. 
'llie  spiiiiil  ^'aiii^r^lia  difTcr,  liowever,  from  llie  cniiiini  ganglia 
not  ac(]uiring  any  diatal  connection  with  sensory  patcIteH  of  t.I 
epiblasi,  and  iu  being  from  the  lirst  much  more  (le4.>ply  situated, 
gniwin^  downwards  close  aUrng'^idu  the  spinal  cord,  betwi 
this  iinil  I  lie  niusole-piatt's  (Fig.  12  l-,  xi-:). 

During  the  third  da,y,  f  ho  spinal  ganglia  acquire  tlieir  <1^finit& 
attBclimentstotliRsidKior  the  spinal  cord,  these  being  elfi-cu-d  by 
the  outgro*\lh  of  niTve  fibi-cs  from  tbo  inavr  sidoa  of  the  ganglia 
into  tlie  cord.  The  porta  of  the  ganglia  above,  or  dot-sid  U>, 
th(«  iKjintti  of  attnoliment  persist  for  sotn?  tiuu*  as  suiall  jwinted 
processes,  but  soon  become  iticonspicnons,  oiid  ai-e  tinally  absorbed 
into  tlio  ganglia. 

Tlie  Hpiiiiil  gangliii  kfo  of  coiLbid(>robl«  width,  more  thau 
half  llie  width  of  the  somites  to  which  ibey  belong  (Fig.  115,  se), 
BO  that  tho  intorvaU  between  Huecetwivu  ganglia  are  dbrtindly 
leM  than  the  width  of  the  gncgKa  themselves.  The  ganglia  li<>, 
from  the  first,  opposile  the  aulerior  parta  of  tUo  somites  to  which 
they  belong. 

The  ganglia  of  the  anterior  part  of  the  \iody  ore  connected 
together  by  sliurt  commissiii-a!  lands  (fig.  115,  km),  situated  ati 
tlie  same  level  as  the  attachments  of  the  ganglia  to  the  spinal  cord ; 
and  the  most  anterior  spinal  gimglion,  ri»  iilready  notaccd,  is  con- 
nected with  the  bindmottt  nmt  of  the  piieumogni;irie  oerro  bj 
similar  but  much  longer  coiunii[*sure(I''ig.  116,  X").  These  com' 
mLasures  appear  to  bo  formed  from  tho  parta  of  tho  originallv 
coatinitona  nenrnl  ridge  which  are  left  between  the  sticeeui' 
ganglion  oulgrowtha;  lljey  are  well  developed  and  connpicai 
Btructurea  on  the  fourth  and  lifth  days,  but  after  the  latter  data 
are  ditticult  to  detect. 

The  spinal  nerves  of  the  liuider  part  of  the  cord  develop  in 
slightly  different  fashion  to  those  of  the  anl  trior  part.  They  appear 
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at  b  xliglitly  Inl'iT  itiilo,  but  nt  &  n.-'lntire]^  oarli«r8tag9  in  the  for- 
matinu  or  thn  RpinnI  (N>n1.  At  a  time  wfaen  the  neural  amnl  has 
hnrdly  comm^Dced  to  form.  BU<i  tlie  neumi  plate  is  only  very 
slightly  folded  on  itself  in  tlie  middle  line,  ibp  nerve  mdiment* 
may  !»  roco^iised  in  tr»niJvorse  sections  (I''ig.  1 1 7.  Ma),  m  snuill 
oonicnl  niBSiieiiofcellii,  cut  out  from  tb(>  deeiwrpartof  lba«pil)last, 
at  the  edgm  of  the  nvural  pliit«.  A»  tbeneuml  folds  rise  up.  and 
pww  ill  townnia  eiicli  other,  tho  rie-rre  rudiments  are  carrinil  up 
Tith  tho  foldi?  to  tho  dorsal  sarftice  of  the  spinal  cord,  and  then 
compMp  thpir  (Ipvclopment  in  tlio  manner  iiln-jicly  described. 

In  the  poftlerior  holf,  or  .so,  ol  llie  bod^~  there  appt^nt  to  be  no 
cantinooas  neural  ridge  developed,  the  oenre  mdiuK'nu  being, 
from  the  first,  imleiieiident  oHtgrowtba.  There  are  conseqiienlly 
no  longitudinal  commissures  connecting  tlii-«c  hinder  uen'es, 
Bimilar  to  thoao  in  th«  nnterior  pftrt  of  the  body  (Fig.  115), 
11ie»r>  cominif^tni'S  disappear  in  the  anterior  part  of  this  Ixidy 
ehonly  aft«i-  the  lifth  day,  and  it  ie  possible  that  their  absence  in 
ti»ehtn<W  jinrt  of  ibc  body  is  tob<^  explained  iwdue  toobbrcvia^ 
tiun  of  tfa«  developmental  httdory,  by  oiniotuan  of  tliia  SUige. 


The  Tentral  roota  of  the  spinal  netres  arira  later  than  tbe 
dorsal  root#,  during  tho  latter  part  of  the  third  day.  Th<vy  appear 
sa  mnall  ontgrovtliH  from  the  lower  part  of  the  side*  of  the  spiiiaJ 
cord,  and  from  tho  lint  occupy-  the  )K)silion  held  by  thvm  in  tbe 
aclatt.  Tbif)  pwiition  i^i  imlicated,  before  the  actual  appear- 
ance of  the  root,  by  a  glij;lit  convergence  of  the  cells  at  the  side 
of  Uii.- cord ;  ondthii  nerve  root  is  apparvntly  formed  by  tlie  direct 
oofcgrowth  of  ))roce<>se«  from  thene  cells,  wliirh,  parsing  out  Irom 
the  Bide  of  tbuspinal  cord,  become  the axi^cylindeis  of  the  nerw 
fibrco. 

Each  ventral  root  ariEee  hy  n  nuiiilior  of  aepuratc  rootlets, 
which  leave  the  spinal  cord  in  a  longitudinal  series,  the  total 
length  of  a  root  being  about  equal  to  half  that  of  a  8uinil« ;  the 
root^  lies  opposite  tJ>e  anterior  half  of  the  eomite,  and  vertically 
below  the  corroaponding  dorsal  root. 

Towardn  the  end  of  tbe  third  day  (Fig.  124),  the  rvntml 
roots,  growing  downwards  and  outwards,  me«t  the  dorsal  roDte, 
and  with  these  form  the  trnnka  of  the  epinal  nerree.  Beymid 
tbe  place  of  anion  of  the  roots  the  nerves  continoe  iheir  growth 
outwards  and  downwards,  lying  along  the  Loner  Burfact-i  of 
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thp.  tniieclf  plates.  By  the  end  of  the  foui-tliday  lIieneTVA^  liav^ 
doublet)  ill  l«ri{^h,  and  the  primaiy  dursal  and  renUHl  divtKioiiH 
are  already  established,  each  division  incUidiuK  fibres  from  boU> 
the  dontiLl  Hiiii  veiitrtil  rootjt. 

In  Lb«  [larl  uf  tliL'  body  bet-wwii  the  fore  and  Iiind  limbs 
(e/.  Fig.  115),  the  main  branches  of  the  nerves  run  in  ibe  body 
wall  or  sumtttiipli-im-.  In  tho  Hi_'gmeiit«  opposite  tho  limbs, 
thp  nppv<>8  enter  tlie  limbs  iind  divide  into  doivnl  and  ventral 
brunchos,  which  unite  with  the  corri-spoiiduig  branches  of  tie 
nerves  in  front  of,  or  beliindj  them  to  form  bniad  jtlatot  *)f  nerve 
fibi'os,  from  which  (ho  individual  nerves  of  the  adult  limb  arise. 

d.  Th«  Sympathetio  Nervoiu  System.  Tlio  origin  of  tlw 
gympatbetic  nervtms  i^yalem  iu  the  cbick  has  been  much  delut«d, 
and  ia  iioti  yet  satisfactorily  determined.  The  most  trustworthy 
oh&orvationi;  aro  to  the  pfl't-ct  that thv Hvmpathvtic  Dcrvous  t^'Ktem 
Arises  at  an  parly  Ntage,  the  rliird  or  fourth  day,  bk  a  series  of^ 
outgrowUiK  frum  the  spinal  nerves,  apparently  derived  dii-ectly 
from  th»  itpiiial  ganglia.  These  f^row  inwards,  at  a  level  im- 
mediately fibovo  the  cai'dinol  vain?,  and  cloge  to  the  doreal 
aorta:  at  their  ends  are  ganglionic  rnlargerarnts,  the  ne-rve-| 
cells  of  wbicli  ari!  nppuiviitly  dcrivwl,  by  direct  migration,  from 
the  spinal  ganglia.  These  ganglionic  enlargements  soon  becomfl 
connected,  ulong  each  aide  of  the  body,  by  lon^tudinal  ccnt- 
mieeuifi*,  apparently  fonncd  by  outgrowtlis  of  nerve-fibre*  from 
tho  ganglia  themat^lveti. 

if  thLi  nccouul  is  curruct.  tho  syuipathetic  nenima  system 
nf  Ihf  cliick  is  To  be  regarded  merely  as  a  Bpocialised  part  of 
the  spinal  nervous  syslerci. 


DEVELOPMENT  OF  THE  SENSE  OROANa. 

Th«  general  history  of  the  development  of  the  sense  organs 
in  the  cbick  is  very  similar  to  that  already  deecrilN>d  in  the 
frog.  Tn  all  ca^>es  the  essential  part  of  the  organ,  the  iictunl 
senRitive  surface  itself,  is  derived  directly  or  ijidii-ectly  I'rom  the 
epiblost  or  epidermis. 

I.  TbeSose. 

The  olfactory  organs  appear,  about  the  fiftieth  hour,  as  a  pair 
of  thickened  patohva   of   the  external    epiblut   on  the   tjad«r 
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(Hirface  of  the  Ibi-e  iMivt  of  (Jie  li«iii  ;  these  soon  Iwcomo  deprweed, 
forming  pite  (Fig.  113,  of),  witli  tiir  bottoms  of  vrhich  the 
olfactory  ncrvps  very  early  1>econie  coimectt-d  (p.  286). 

'Ilie  Tuouths  of  tbe  olfactory  pite  narrow,  nnd  b^^oine  iViV' 
like,  but  miiain  opi-n  tliixiuglioiit  tiff  m  tli^  exteninl  iiu«trii« 
(Fige.  125,  126.  UK). 

'ttie  cpithelinl  lining  of  eash  olfactory  Jtit  beoomeH  thrown 
into  folds,  to  iiiciyue  iu  surfncf ;  ami  fpvee  rise  directly  to  tlw 
olfactory  cpitJuilium,  or  SchmidiTian  inemhrane,  of  the  adult 

lUXW. 

'riie  putttt'iiui'  imml  p&isa^^  ia  a  tiecondiiry  formation;  it 
appears  nt  Svst.  as  n  groove  on  the  under  surface  of  tJie  head, 
Imiling  from  tin-  fdp'  of  the  olfactory  ]iit  to  thft  iinterior  an<] 
outer  Aiigl«^  of  tli«  ntomAtodft'iiiii.  Tliift  groove  if*  well  ni«rk^ 
on  the  fourth  day.  its  inner  lip  being  formed  by  the  frunto-naaal 
procwB  (Fiff.  1 25,  rr),  oi-  median  part  of  the  face,  between  tbe  two 
oiraetory  ]>it8;  aiid  ita  out^r  li[>  bi-iii);  fitnn<Hl  by  tba  maxillary 
arch  (Fig.  12S.  MX),  or  rudinii'nt  of  ihi-  upper  jaw. 

On  tbe  fiflli  day  (Fig.  125)  the  nlfactory  (fi-ouvt^  deupcuf, 
and  it*  innfr  nnd  oiitt-r  1ip«.  formt^^l  by  the  fn>iito-iuu-al  process 
am)  tnajcillniT  nrch  n<spBctively,  meet  and  coalesce,  bo  as  to 
coiirert  the  groove  inlu  a  tube,  leading  from  the  olfactory  pit 
to  the  tiiouili.  'l^is  tubv  is  the  posterior  narial  pru>sage;  it  at 
6rat  opens  int^bhn  anterior  end  nf  the  month  cavity,  immediately 
Iwliind  thr  upper  lip;  but  as  the  uiuulli  eltJiigAli-s,  by  growtb 
forwards  of  the  beak,  a  horiiwntui  cjielf-like  partition  is  fonatd 
at  the  antorior  end  of  tlie  upper  jaw  on  cither  side.  By  fusion 
in  the  nimtinn  plane,  lite  two  hoiizontal  partitions  form  ill* 
palatal  i<«ptiini,  which  Htivlchea  acru^s  the  aiitvriiir  part  of  tlia 
month,  :^paraiing  the  olfactory  or  nasal  i-egioii  above  from  the 
buccal  eavity  below,  and  shifting  backwards  the  commuuication 
betwH'D  tliii  pteterior  nostrils  and  the  mouth. 

2.  Tke  Eye. 

Ah  in  the  frog,  and  in  Vertebrates  generally,  the  retina  or 
ewenlial  part  of  tbe  eye  in  formed  Irom  the  optic  resiole,  while 
th<r  lens  iit  nil  iiii]i>|)endeiit  in  vagi  nation  of  the  "urface  rpiblast. 

The  optic  vencln  arise,  ul  the  cummeiiomient  oi'  llie  ufcond 
day,  as  a  pair  of  hollow  lateral  outgrowlliB  from  the  fore*braiu; 
tbey  grow  mpiilly,  and  attain  mma  site  before  Uio  I)|m  of  the 
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Dpuml  folfla  fuse  to  oampletetlieneuml  tube.  The  optic  veaiclM 
Ab  first,  stand  out  at  ri^ht  angirs  to  the  brad,  but  tbey  soon 
become  const  rictctl  at  ttmir  bfi!tp«,  Jind  rltrectt'd  aoinewliat  down- 
wacd*aTiilI>ftcltwflrdB(Fig.  lll-iw).  These coiifilriclimis  rapidly 
deapen,  lio  Umt  by  the  end  of  tlie  second  day  the  opiac  veyiclett 
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Ftb-  ISL— l^aiu*«rM  toctian  ai^roM  the  hdul  of  n  Chirk  Kmbrj-o  M  tho  forty- 
efjtlittilioiircffjiDlUMtleB.  The  Rc-U'iti  i:- tuki-n  along  n  Hoc  COTRspolulIog 
tooneloininKtbeitfeiCDceleTti  r  tt:  'i>Lin  Uit'UtTcu-diijtuDbrjroabown 
1qFI§:,  113.     Owiuglo  the  CI. I  iiL'.buili  [ijri.-limiii  ttnil  mid*bnin 

Bra  cat  bjittic  locilon.    The  n^i.:    .i:-     i  l.he  sectloa  is  slightly  anterior  ta 
poritinn  In  tho  left  Mttn.     v  S». 

A,tun^  AC- «»Ui1  (mr) .  BF-ivrtivaf  r<iri>.lmin.  BR. ax-itrcl  ttioH-bnUn. 
OH.  iiucovlKiril.  HI.  n»-iirnr7  pli.  SM.  Iiyn-niuidllyaliti  din.  MIT.  nuuidlbsla 
irth.  QC.  Ai'^i*  ■■'  'T'""  <*'>!*-  OI>-  iriiiii>liiaili-n<il  v|4tilut  ii'  f^rii.  tliuliBik,  08. 
agaciult.   T7,  pUiiliaijr  txiil}.   VF.pliu^x.   VIL  bnU  iiiim% 


are  connected  wiUi  the  floor  or  the  fore-braiu  by  narrow  tabular 
stalks  (Fig.  121,  o&). 

Towards  the  end  of  the  second  day  a  circiitftr  patch  of  tbe 
externa]  epiblast,  ojiipoeite  the  outer  wnll  of  each  optic  vesicle, 
lieooniee  tlucki^tmd,  iviiJ  lOiortly  uflci'wiird»  pitted  in  to  form  the 
Teaicl«  of  Hie  lens  (Fig-  121,  ol).  The  (brmatiuu  of  tliia  pit 
IB  aooompanied  by  an  infolding  of  the  onter  wsiH  of  the  optic 
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Tmicle.  wbich  thus  becomas  doableil  on  itself  to  form  tJie  optic 
cnp  (Fig.  121,  oc). 

The  lens.  The  pitting-in  of  tb*>  oiiiblaet,  to  form  tb«  leiii, 
rapidly  clwpens;  tbe  lips  of  the  pit  close  in,  ami  unite,  (w>  as  to 
coiivei-t  tJii;  pit  into  »  closE^d  sue,  iIip  luns  vvsiclv,  which  separates 
oofnpletely  from  the  ext^iTthl  epihWt  during  the  ihitd  day. 
After  this  separatiou,  the  outer  wall  of  the  lens  vesicle  remaiua 
tbiu,  atitl  is  furiii<-i]  uf  a  eingle  layer  of  flattciic;d  «pitlii.-l  la!  cells ; 
tbe  inner  wnll  tliiclcviiH  rapidly,  by  ulongation  uf  itsooinpouent 
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Fid.  ISS— Tnui*nn*MQtiouMroMlJietat*.lxrAlna«l«]rfl«lBCIiiakBnibi7(» 
ai  tlii!  (islwtit  boar  of  incafaation.  On  ihv  HrM  Ma  Iks  mo  Ion  puna 
Uirongli  tkc  flfitic  MbUc  ;  «n  tWleft  Ma  It  f  »»■»  Jiut  bablad  llw  walk. 

■Mminan  Mc*.     OCn  inMr  MB  «f  «&>  niii.    OOi»al*r  mSX  (Mki  sop.  JSJi, 

celb  (Fig.  122,  ol)  ;  and  by  tli«  fotiith  day  it  comeB  in  contact 
witli  tbv  out^^T  wall,  co  as  to  obliterate  the  cavity  of  the  veHiol« 
imtirely.  From  the  epitheliil  oelU  of  this  rhicken*.>d  inn^r  wall 
th«  whole  of  tJie  subeioucr'  of  tho  ftdolt  leus  im  derivml.  Tbe 
onter,  thin  wall  of  the  leas  vesicle  becomes  the  epittii'linl  lining 
of  the  lensi  cftpButo ;  wliil*  llj«  lenfl  capaule  itaelf  is  apparently  a 
cutjcular  mcmhrnnL-  excreted  by  the  epithelial  cells  (^  the  Irns 
vesicle. 

Tht  optic  cap.     In  tlie  optic  ciip  important  changes  occur. 
Th«  two  laytTs  of  the  cup  «ooii  coiu«  in  cuiitAct  with  each  othw 
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(t'i^.  122,  OC,  ai>),  and  hy  the  end  of  the  hhird  day  the  ori^nnl 
cavity  of  the  oiitic  vesiclp  is  practienlly  obUter»t«d.  Tlifl 
whntf  cup  ^TQws  mpidty ;  itii  Hp  Temaint)  iu  contact  wiUi  the 
margin  of  tlia  l«i»  l.lie  wliolt^  way  i-orind,  except  at  one  point  on 
the  iindoT  ftnr&ce  nf  the  cup,  below  the  pefi?r«ncc  line,  OL,  in 
D'ig.  122,  where  a  f«mn.ll  chink  is  lelV  between  the  lens  nnd  the  tip 
of  the  cup.  Aelliu  optic  cup  iu(:rfiii'r,''iii  sJKt-,  lhi»  diiiik  becomes 
ti^ngihunii^l  out  into  a  elit,  the  ohoroidal  fiBsure  ('''i^^-  ^l^i 
115,  and  125,  oh),  tlirough  which  the  mesoblast  uf  Ihi'  li«>«d 
gains  admittance  into  tJie  cavity  of  the  cnp. 

I'l'om  the  wall  of  the  optic  cnp  the  retina  is  dcvelopr*!,  wliil«» 
the  in*-»t>btnaf  which  gmvs  into  ttw"  cnvity  of  the  cap,  rhmngh  thw 
clioroidnl  fiasiirc.  jrives  rise  lo  ibf  vilreoua  body.  Tiif  choroid 
and  sclerotic  coats  of  the  tje  are  formed  from  the  ntcsoblaBt. 
out«ido  the  optic  cap>  and  the  coracQ  from  mcsoblast  whtch 
grows  ill  bflwct-ii  the  lens  and  tlif  surfiMX'  orpiblix*!. 

The  exact  mode  of  foraiation  of  ibe  clioroidal  fissare  is 
diRiciilt  to  detcnnine.  The  finrt  step  in  the  doubling  up  of  the 
optic  voBicIe  to  fi>rm  the  optic  dip  (Fig.  121 J  b  iiitimAtely 
MBociatcd  with  tlic  ingrowth  of  the  rtuifacc  cpiblast  to  fonn  the 
Wn^  vesicle,  and  is  |ii'rliap»<  due,  in  part,  to  mechanical  iii-pnshing 
by  this  Iatt*r:  the  later  stagce  of  the  iloubling  up,  however, 
cottcei'ii  tJip  optic  Clip  ninne,  and  in\ist  be  regnHlecI  a.*;  dae  to 
un'Qqiiitl  rat*'!'  of  (frowtli  of  difti-ri-nt  pints  of  thf  wall  of  the  cup. 
Thia  iinei^ual  rat*  of  growth  in  different  directions  pmbably 
plays  an  irn|xirtant,  or  even  predominant,  [mrt.  in  the  fdiinatioii 
of  the  choroidal  (iasun-.  Tho  fcirniatiun  of  the  diuroidul  hsearo 
hiui  been  recently  shown  to  be  closuly  n8BOciat«d  with  t]w 
growth  of  tlie  libree  of  the  optic  nerves ;  Ihest!  (ibr9e  |in£»ing 
tJirough  the  choroidal  fissure  oii  their  way  from  the  retina 
lownrdx  the  bnvhi. 

The  choroidal  fi^tnurp  only  ivmainii  open  for  a  ahoi-t  time. 
About  the  sixth  day  its  lips  coine  in  contact,  and  very  shortly 
ftft-ei-wiirdB  they  fuse  togethei'.  bo  as  to  complete  the  closui-e  of 
the  optic  cup :  by  tin'  ninth  day  all  truce  of  the  fiiwuie  luw*  dis- 
a|i|)eai'ed. 

Tlie  retina  i^  formed  directly  from  (hi»  wall  of  tbu  optic  cup. 
Of  the  two  layers  of  ivliich  the  doubled-iip  wall  of  tlie  cap 
comi^ts,  the  inner  (Fig.  122.  oc)  is  from  the  first  much  the 
lliicker.     It  consists,  on  the  tliird  day.  of  clongntcd  nnclejitcd 
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oolls  arranRwl  aidfl  by  side,  and  vorticatly  to  the  sutfflc^.  Prom 
the  fourth  dny  onwiti'iN  it  increase))  rapidly  in  iJiickiies«,  and  liy  a 
serice  of  bietoiogical  cliongc-e  wliicb  have  not  yet  Ik-cd  determined 
very  iK'Ciirat.<<lY,  it  Iieconies  coiivertt^l  into  tlie  tdevcrstl  Inyvnt  of 
iJie  retina.  Tliu  inner  layers  of  th**  r^liiia  are  the  Sret  to  Iw 
estftblitUied,  and  the  last  eleinenta  formed  are  Uie  rods  and 
conee  ;  tbesv  latW  growing  outwnrdtt  a»  procoseM  from  tbo 
outer  nucii>ar  layt^r,  whicli  until  ibe  appt^i-nnci*  of  the  rods  and 
conex  in  the  oiitt-nnost  layor  of  th*  retina. 

Tlie  iiulJ?r  wall  of  llie  optic  cup  (Vif^.  122,  od)  ik,  from  thu 
first,  much  thiDn«i*  than  tlir>  inner  wall.  By  the  middle  of  the 
fnurtli  day  it  is  reductMl  to  a  AingU^  layer  of  Hnttciit-d  cells,  which 
soon  bucuiiie  piffnit-iited,  and  ultimately  give  riav  to  Ihi*  layiT  of 
special  piguientcd  cells  which  li«  io  k\ow  contact  with  tlie  outei' 
eitds  of  the  rods  and  rone«. 

It  appcai-F,  ihrrrfort',  t  bat  t hr  whole  of  the  spnBory  part  of 
the  Minn  ii«  derived  fiiMn  the  inner  biy^r  i)f  Uie  optic  cup-  It 
U  worthy  of  notict-  that  the  rods  and  cones,  the  only  elem«ntti 
of  the  retina  directly  sensitive  to  lif^ht,  are  tihe  last  part«  to  be 
fi>nned. 

Tht^  optic  nerve  i.-^  verj*  commonly  »aid  to  be  fom)e<l  from  tbc 
optic  stalk ;  but  it  ih  more  probable  that  it  nriiiCH  in  the  chick, 
as  it  is  known  to  do  in  the  frog  (p.  1 38),  by  the  formation  of 
proceeaea  from  cells  in  thv  n-lina,  which  grow  inwardii  along  thL-> 
optic  Btalk  to  the  brain,  aiid  become  the  Sbres  of  the  optic  nen-e. 

Tbe  irii.  The  mai-ginnl  part  of  the  optic  cup.  utaix-wt  to  Uie 
lena,  does  not  become  coDverttMl  into  the  retina,  but  undergot-s 
rhangea  of  n  different  ehnracter,  the  boundary  betBt-en  thu 
retinal  and  non-i-etinul  pait<(  being  indicated  by  Uie  ont  Mtratji. 
Ilie  inner  and  outer  walls  of  lluE  marginal,  or  non-retinal,  part 
of  the  cnp  coalesce  completely,  and  become  pigmcntt'd  througli- 
oiil  their  wluile  tliickiieas.  They  Lxxvine  oluaely  connected  with 
Ihe  choroid  coat,  on  their  out«r  surface ;  and  tbeoombined  choroid 
niid  nHina  ^rrivr  fom'ardir.  in  front  of  th<-  U-ns,  to  forui  ihv  iris, 
wliich  reduces  the  mouth  of  the  optic  cup  to  a  comparatively 
narrow  aperture,  the  papU. 

Tlir  peeten  nriM^s  on  ihn  tiAK  d»\  aa  n  lamellar  process  of 
nieaoblast,  which  grows  ioto  the  cavity  of  the  optic  cup  through 
the  choroidal  BsBDrt%  doM  to  the  optic  nerrQ.  It  early  beoumea 
rery   vnacnlar;  abotit   the  tentli  dny  it  bocomee  folded  in  ttiu 
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fan-like  manner  chm-acterLttic  of  the  atltilt :  and  toward  the  close 
of  incnbiitton  it  becomes  deu8el>'  )iiguieiut«t]. 

Tliti  cornea  is  formed  from  mesoWast,  which  grown  in  Wtween  ; 
the  lens  and  the  sui-Face  epibtast,  at  first  aa  \  ring,  but  aoon 
becoming  a  continuous  iaver  across  the  froDt  of  the  eye.  It  in 
at  ftnl  Ktructarolc^,  but  cells  from  tha  mesoblast  rounil  its 
edge  soon  grow  iiiwardx  into  i(8  !«ii1)sla]ict»  to  fonn  the  com«*l 
corpugclwt.  These  corpuscles  are  confined  to  tlie  middle  layer 
of  the  tliickacBs  of  the  cornea,  the  outer  and  inner  surfaces 
renmioing  atructureless  as  the  iiDt«rior  and  posterior  rlustio 
membranes  of  the  cornea  ri?8j)ectively.  The  sarlaoe  la^'er  of' 
epiblaat  ptrsists  aa  tin-  conjunctival  epitheliuui. 

'11k-  anterior  ohamber  of  the  eye  fonue  as  a  space  bctwctin 
the  cornea  and  tlio  Icntt;  and  in  it  a  tvau-ry  Hnid,  tlte  aqueou 
hoinoar,  soon  collpcts. 

The  aooeaaory  organ*  of  th«  eye.  Tht*  eyelids  are  folds  of  the 
inte^iiuiL-nt  round  thi*  eye:  thtre  are  tLre<»  of  them,  an  upper 
and  a  Inirer  eyelid,  and  the  third  eyelid  or  nictitating  membrane 
(Fig.  I^C'CP).  which  arises  on  tin;  inner  or  uiu~al  side  of  (lie 
eye.  The  lacryoial  gtanda  are  solid  iitgrowtliH  of  tlit;  roiijunctival 
epitbc>liurn,  which  appuar  on  the  eighth  day.  The  lacrymal  dnot 
is  aUu  at  first  solid ;  it  appears  as  a  ridge  of  opidermid,  along  . 
rliB  lint-  of  the  lacryiiial  gnxivc,  extending  from  th^  eye  to  the 
olfactory  pit  (i'ig.  125).  Thin  ridge  siidta  into  the  nieeobhwt, 
and  DDon  aplitn  off  from  the  epihlaHt  along  (he  greater  part,  of  ite 
length,  but  n^mninis  nttncliLi)  at  itn  ends  to  the  lower  i-yflid  and 
to  the  wall  of  the  olfactory  pit  respectively.  About  the  twelfth 
day  it  acquire))  a  central  luineu.  and  becomes  the  tubnlnr  duct. 

S.  The  Ear. 

The  eai:?  appear,  about  the  middle  of  the  »ecriiid  day,  aa  a  pair 
of  shallow  depressions  of  the  external  opiblnsi  nttho  aides  of  rhe 
hiitd-brain,  just  in  front  of  the  first  pair  of  mesoblaatic  Bomitee 
(lifts-  111  and  120,  Et).  The  pits  rapidly  deepen  (Fig.  121, El); 
their  moutliii!  narrow,  and  by  the  end  of  tliv  third  day  become  com- 
pletely closed,  the  pits  thns  becoming  voaiclee  imbedded  in  the 
mesoblost  at  the  sides  of  the  head  (J''ig.  I  Kt.  ri)-  By  a  series  of 
changes  very  similar  to  those  alrea<ly  dewribetl  in  llic  frog,  the 
vesicle  gives  rise  to  the  ^-nrious  pni-ts  of  the  membr&itoiia  laby- 
rinth of  the  car ;  the  epiblaslic  wall  fonning  the  epithelial  lining  of 


THB  EAB.  AXI>  AWMEKXVBY  CANAL. 


sei 


Ibe  iiihyriiitih,  and  becoming  specially  tlt>T«lciped  at  certain  plitoeA, 
to  fonii  tl)»  auditory  Hpitleliurn.  The  uuditory  iiei've,  am  noticed 
above,  wry  cttrly  cotuee  in  contact  with  tlio  antciior  nnd  inuw 
vrall  of  the  nuditory  vvsick*.  fiisinf^  coinpk-d-ly  with  this  by  the 
fifUetb  hour.  TbiM  fuKvc)  patt'h,  by  ilivittiiiii  nnd  suliowju^nt  septira- 
tion  of  the  eevenil  portions,  gives  rim  to  all  tlie  ttpedal  patoliea 
ofauditorA'  cpitliiliiini  pn>§fiit  in  tin-  adult  labyrtntb. 

Tlteaj-oeuory  or^oni  of  hearing,  'i'lie  di>vfl<.pnK<!at  of  tho 
Kasiachinn  tabe,  ij-mpaDii;  cavity,  aixl  tympanic  inemln-ano 
will  be  di-Bcribed  in  tlie  spction  dealinfi;  with  tb©  development  of 
th«  pharynx  and  gill-clefls  (p.  283).  The  de\'i'lopnieiit  of  tlie 
OOtDtni'lIn,  or  auditurv'  ossicle,  will  be  rleuribed  uitb  the  slcelt^ton 
<p.  MO). 

DEVELOPMENT  OP  THE  ALIMKNTARY  CANAL 

1.  OeaenU  Accoant. 

The  atiiiK-iilary  canal  oftlie  cliiolc,  like  that  of  the  ^rog,  ia 
(ierdopMl  in  tbrci*  portions,  <^  in<l4|i«ndent  origin,  and  of  r«ry 
un^UAl  Inngth. 

(■J  The  itomatodiMim,  or  mouth  imraginatiou,  i»  formed  by  » 
jntting-in  of  ilie  ejiiiilnct  at  the  anterior  eml  of  tlie  nlinienlary 
tract ;  from  it  the  uulfrior  part  of  the  bocca)  eaviiy,  nnd  tbe 
pituitai^'  body  arc  dovcloped. 

(ii)  The  meiieat«roa  gives  riM'  to  alniont  th«  entire  length 
of  the  alimentary  canal,  rmm  the  hinder  ]«rt  of  tlu'  buccal  cavity 
to  tiiv  cloaca;  and  frum  it  tbe  lungs,  livt-r.  pancrvaii,  and  other 
ImpurlAur.  rtrticiur«>t(  arise  lu  outgrowtha.  Tlie  iue»enteroii  !• 
lb*  tubaUr  cnrity  formed  within  thr  embryo,  n*  the  ivsinlt.  of  the 
|)n>ceB!i  of  folding  or  constriction  by  which  the  embryo  beconin* 
pinohed  offfrom  tbt-  yolk-Hac  (Fig».  1 1 2. 1 1 4,  and  i'i'-i).  U  is  lined 
by  hypoblast  along  its  vhole  length.  Oniiig  to  the  mode  of  its 
forniation,  it  romtnunicate^  freuly.  through  the  y'>lk-«talk.  vitli 
the  yolk-nac  ;  and,  so  long  hh  the  yolk-^talk  reniainx  tubular,  tbe 
mcnrntrntn  niiiy  btMl(*cribed  as  oon'iii'lingof  tlin-o  tengtli»: — the 
flox«-gVt(F1gfi.  112,  (IP,  and  1  l4,Tr,T0),whicliiathe]«rtinclnded 
in  tlie  heatl-lbid,  and  Itas  complete  ruof.  8id««,  and  floor  :  tbe  mid- 
got  (Figs.  I14ancl  123,  Ys),  which  opcna  into  the  yolk-sl-idk,  run! 
which  tht^refore  1ia«  roof  and  Hide»,  bnt  no  floor  ;  and  the  hind-gvt 
(PiSS- 114  and  123,  GB),whicliifl  the  juin  included  in  the  tail-fold. 
and  liafl,  like  the  fore-gnt,  complete  roof,  sidw,  and  Door,    As  the 
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oonfttrictioii  of  the  i^mbrj-o  from  the  yolk-sac  prooaeds.  tlie  fore- 
gut  and  liind-gut  Ipiiglln'ii  at,  tLe  ex])eu^e  of  tbe  mid^giil;  and 
after  about  tbe  seveutli  day.  vrhen  tbe  yolk-ctalk  is  reduced  tv  a 
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Kio.  ]?3.— A  m*dlB&loBgltucliiiftl.'ir*uKittal.«ectii>ii  through n  ('hick  Kmbno 
At  tllI^endof  thtflllliABy  of  inciihntuii]  -,  (heecction  Is  lAkcn  strictly  In  tM 
miTdiiLO  plunc,  exoopt- 1»  raK'i"!*  the  Wolfflmi  hoAy  and  kidney,  n-hldi  axe 
liitroilacN.'']  in  ibu  H^iirv  iii  order  thnl  tlii'ir  reliLtioiifi  to  llie  ulincnljuy 
uariAlma;' tw  tliuwit.  Tlic  <.>ptic  lobe,  o«rvbraltMtiiiapber«,  Mud  «f>tio>Ulk 
r>r  tbcloti  aide  arc  »liow[i  lu  |>tT»tieclire.  Tbe  amnion  liaa  beon  ramovetl, 
Ami  tlicnllHiitolsarrlyolk-italk  cat  sbortcUneiolbe  embryo.  (Comaati 
FifT'.  100  mirt  1 1B  for  kurfaca  riowe  nf  enilityo*  of  tlio  wimn  m;o  )     x  IS. 

JL.  tl»r^l  upFiH.    BF,  th^Mt  iraMJtrict^  <,r  imvUy  uf  <lut]4itifiirvji1i4]iiii,    DB.  fonnli 
T4II1  rli^i-.  nr  rnrSIV  <'I  UkiiluUa  ubt/kllUVlA.     BLh  f^nrvRwICrirn.     BM.  «ATlCy  flC  nufl'tnillk 

BB.C"'!'!  Ill  iiii.  l*«^.'l^.lt  tiip  ]iiTinl(|v1ifrT«.  CM.  nci('"'li'i"i.  OH.  tilnrt«ut.  OT. 
iiiia-mii.  IN.  I'lidiKilltiiiltiiii,  KO.  Wiiiinwi  tlwi,  KD,  iinitr,  KiLWutlDu  bodr. 
KTi  klili'tf.  LQ.  I<ii>f .  US'. '""J"!!'"^)^  •"<'•'  IT3.f*<li< 'i(  •|>Iiwt  "]"!.  pxr« 
ytiwul  la.ly.  pf.  |iliwi[«ry  (■i.lj-.  BT.  Iraiujiw  iio*rlo«i»i  ftV.  tmltlfli-  "(  licwt. 
TA,  'iilk  -if  *nn"fil«.  ■'»[  *TnTi,  TO.  ■'irxu'*.  TO.  tliyni|»L  Im.I^.  XI*,  i-'ivy»». 
TS,  •(i.nu.-li.    W.  HTiT.    TJITD,  hlli-iluct.    T'B.Hlt-''^''.'™'"!!""' 

vvTj-  narrow  tnbe,  and  tlit*  ■■vitlls  of  tlie  Tiie«enteron  are  oompletA 
Along  its  vrhoif^  length,  t.be  mid-gut.  as  a  distinct  portion  of  tbe 
iilioieutury  tract,  cmsos  to  exist. 
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(itt)  The  proctodteum  is  a  biii-i.4y  percrptibk-  |>i(ting-in  of 
the  opibln*f.,  at  tiit-  hintlor  ond  of  the  nliineiitAiy  tinot,  which 
form*  the  annl  or  cloncnl  aperture. 

Cp  1o  itiowid  orilit'Totirth  day  tJiealimeiitsty  canal  is  nearly 
straight ;  but  from  this  time  it  grows  inon>  rapidly  tha.n  tho  pkn 
of  th«  body  in  n-hicti  it  lies,  and  sonn  b(K:omeH  markedly  oonvo- 
lated  ;  it  retwnii  ita  comiL-ctioa  with  t  hu  mid-doraal  wall  of  tlie 
body  cavity  by  meona  of  tlie  luesentt-rj. 

Hm  e^rei-Hl  regioiiB  of  lhi>  alimentary  cnnnl,  and  the  vorioiw 
organs  fomifid  in  connection  with  it,  will  now  iH-tuhcii  in  ordwr; 
■ad  tlic  niurv  imporlAnl  points  in  rWir  d»velo))ineDtal  historj' 
described. 

2.  Th«  PbBjyoz. 

Almottt  fi-oni  the  first,  tliere  »  «  great  diflnreiice  between  Uin 
anterior  or  phitn>*iigBaI  portion  of  tliu  mt'Kunt^ron,  which  isslinllow 
doreo-ventnilly  but  very  wide  fi\jm  side  to  side  (Fig.  118,  tt);  nad 
the  binder  part,  from  ihe  a-sopbagu8  to  the  cinsca,  which  is  narrow 
and  cylindrical. 

Towards  the  end  of  the  second  day,  pouch-like  folds  of  hypo- 
lilairt  grow  oat  in  pnin  from  tlif  siden  of  the  pharynx,  Inwarda 
the  snrface.  These  corresivnid  exactly,  in  their  relatioiu  and  their 
mod?  of  formatioD,  to  th<>  gill-pouohcis  of  (he  tadpole  ;  and  like 
tben,  th«ygrow  outward*  until  they  meet  the  ext«rnal  epiblasl, 
witli  which  they  fuse.  At  a  alightly  later  stage,  the  fiuod  patches 
of  epiblottt  and  hypohltiat  becoiup  perforated  to  form  Ihe  ftill-cleft«. 
whicli  plooe  tb»  gilt  pouches,  and  llti^n^fbrr  the  pharynx,  in  direct 
cotnntunicAtion  with  the  exterior. 

Of  these  gilUponcheii.  foar  ai-e  formed  on  each  side  of  the 
neck,  an<l  arv  developed  in  oi'der  frotn  before  backwards.  The 
niOBt  anterior  one  is  the  hyomandibular  gill-pouch  (Pig.  124, 
DM)  :  and  the  sucH'Mling  three  aro  the  tir»t.  oecoDd.  and  third 
branchial  pouches  respectively. 

The  porttt  of  the  side  walls  of  the  phur^'nx  between  tlic  sao- 
eeasive  gill-ponchea  am  spoken  of  ntt  tV  viioeral  archaa;  their 
boundaric!)  are  indirated  on  the  iiurface  of  the  neck  by  grooves, 
marking  the  lines  along  which  the  hypobhwtic  wnlln  of  the  gill- 
pnucbvM  meet  anil  turn-  with  the  cxtt^mnl  rptl>Iu»t,  as  vhown  on 
the  right-hand  side  of  Fig.  1^1.  The  first  or  most  anterior  of 
tbeae  viaoeral  archeti  is  the  mandibnlar  arch  (tigs.  124  and  126, 
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MN),  wbich  fonns  the  basis  of  tlie  lower  jaw.  The  aecond  and 
widest  jirch  i;«  the  livoid  arcib,  tlY  ;  nnd  beliinilthis  oonie  the  first, 
second,  and  tlui-d  branchial  arches,  the  hindinost  ortturd  branchial 
arch  boiiig  imini-^Untvly  Iwhind  the  insi  or  third  br«iichial  cipfi. 
These  viscfnil  aix:bt?»i,  and  the  gill-puuchus  separating  tbroi 
from  one  aaothfi-.  convspond  exactly  vrith  the  siniiiarly  nutuedj 


BM- 


,  *i 


VB  — 


■M 


K 


4f\^.r~J-^ 


n 


©. 


VB 


CM. 


—  A 


MP 


NS 


Fio.  134.— A  •cctton  througli  tlio  hf«d  of  a  Chick  BmbryoM  the  ced  o(  Ibe 
ih!n1<l&f  of  IncBbatlaui  ilie  Heclioii  Wiw  taken  along  ADlaau  in>lic«ie4 
byihti  two  nrr>iir»  ftDil  crowos  m  Plj;.  lia.p.  2.".;i.  The  rtgbtiidBoI  th»] 
reotloii  li  at  a  Invcl  sliRhtly  liorwl  W  that  of  the  led  *de.     x  SO. 

JL.  <lum]  aariii.    Al.  'im  anrtli;  orah.  iii  iSn  muidihalar  anli.    A>.  •BHiod  MitllJ 
•r(i)i,lT>lJi«hvii!iI«j«li.    AliJilnlMrtisucli.ln  tlicllr(lb(wKMi>larah.    AC.' 
•rtny.   AUnitraai  imnnii  trttry.   BlCatfttynt  mlJ-hnln.    BRl.tlnKtm 
wh.   OH.  iiiiixRhiinl.    HH.1>3vmMiiUbs]u-olii)l.     BT.Iir«i'l  *nl>'    Mil. 
t>a\u  anib,    UP,  iDiusk  pbtfti    NBi  nnf"TH  «1  qilul  duta    N8>  (pln^ 
TP,  plintyni.    VBiUitcrlnruudliul  Trln. 

tiructuree  in  tbe  tadpole  ;  tJte  eole  dlflpr^Dce  or  importance 
that  in  the  duck  no  p^Ws  are,  at  any  p«>r!od,  devtOoped  in  coit 
nection  witli  them.     The  fact  that  tJicSi-  struoLum*,  whidi  araJ 
only  intelligible  thivuigh  their  association  witli  aqnatic  rcapira- 
tion,  are  present  in  the  eai'ly  developmental  etagM  of  the  chicle, 
maet  be  held  to  pi'ove  the  descent  uF  birda  from  aquatic,  ^U- 
brealhiiig  ancestors. 


TOE  V1;^CK1UL  ARCHES  AM)  CLEFTS, 
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'I'lift  liyoniaiulibulnr  clvft  opens  t<>  Ili«  exbMior  In  llto  Inttor 
part  of  the  tliirU  day  (Figs.  \l'i  und  X'H,  Hit) ;  it  i-<»iiutns  ii[ian 
DQtil  About  Om  end  of  the  Totirth  dny,  whfin  ite  walla  come  in 
oontiici,  Hnil  tht^  clftft  becomes  olowd.  Tlie  lir»t  bniiictiial  cleft, 
between  tlie  )iyoid  and  lirst  brauclual  arches,  opens  a  littJe 
later,  ««rly  on  the  Ibunh  day  ;  and  closes  again  during  the  fifUi 
day.  TIj©  Ht>con(]  bnuicliinl  cleft,  ln"lwcoii  thi-  first  jind  eeootid 
bmikchiMl  arcbeis  is  open  only  for  a  short  time  tluritit;  tlio  iiftii 
day  :  and  Uie  third  brandiinl  cleft  doe*  not  open  to  tJie  exterior 
at  any  time. 

[(  ill  »Ulv<l  by  itoni«  obsi^nt-ra  that  iioiit^of  th«  vivceral  clellte 
in  the  chick  open  to  the  exterior  at  any  stage,  but  tlie  real  con- 
dition fippcan  to  bi^  nt  described  abuve;  it  is  potaiblc  tbnt  indi- 
vidual varintions  ocriir  in  i-p&]»ect  to  tho  dales  of  o|)eiuilg  of  tb« 
olofta.  and  the  times  during  which  tbi^y  roiraJn  open. 

The  tTmpano-Eustaoliiao  passage.  The  bniuchial  clefts  close 
up  aiul  di.tapp'iir  coiiiptet^^ly  at  an  early  iitage;  but  th«  most 
anterior,  or  hyomandibtilar,  clofl  appears  to  p«nist.  and  to  giv» 
rise  directly  to  the  tympam»Kontachiaiipitit!Uigt>  of  the  adult  bird. 
tbn)  cleft  bccumc-8  clvdtd  at  it»  outor  cud,  about  the  «iid  of  the 
(burth day,  bj-  afoldof  ftkin.  which  becoui««dtrvctly  tho  tyinpante 
tnembrutie.  From  the  gill-poorh,  on  the  itmer  tide  of  llie  tym- 
panic mRmbmne,  tlic  t,>-nipanic  cavity  and  Fa^tachiaQ  passn^^ 
arv  forme*] ;  nhile  Uie  externa]  auditory  meatus  t«  built  up  as  a 
slwirt  tnbnlar  passage  on  the  outoi-  ^i6e  of  tin-  tympanic  mera- 
brane  {i'ig.  ISO.  IIM).  The  Kustochian  passages  of  the  Iwu  nides 
unite  at  their  inner  vnJii,  luid  tipun  Into  tho  mouth  by  a  niedtaa 
aperture  (Fig.  llti,  RS),  nenrljr  oppo&ite  the glottix. 

Acrnrding  to  some  olieerverg,  the  hyomandibulor  pooch  dow 
not  u)H-n  to  tbe  exterior  at  any  period  in  the  chick  ^  and  tii« 
tympanic  membrane  is  formed  dtreclly  from  tbe  thin  double 
layiT,  consisting  of  both  epiblast  and  by|X)blaiit,  which  cloBm  tbe 
piiuch  Qt  ita  uut«r  end  ;  u  layer  tif  meeobhuC  growing  in  between 
till*  epibtasfc  and  hypoldasL,  which  pi-r«i«i  aa  the  epitltelia) 
layen  of  Uio  niitf>r  and  inner  !inrfaoa<iorthe  tympoiiic  morabraoe 
nsspectively.  The  wholi-  hiHt^>r^'  of  the  devi-lopmentof  UMsepaitJi 
stands  in  need  of  renewed  and  thorough  inve^gatioo. 


The  thyroid  body  nriiieB,  towards  the  end  of  the  aecnnd  day, 
as  a  median  longitudinal  groore  in  the  iloor  of  the  pbai^nuc, 
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opposite  the  first  pur  itf  braQclilal  iirches.  Th<.^  hiitdfr  vud  of 
Uie  groove  deepens  daring  ttic  third  day  to  fortn  a  pit  (E^g.  1 14, 
THJ.  Till*  wiiIU  of  (li(!t  pit  wirm  join  (jjgviln'r,  oblitcrwting  the 
cavity  and  giving  ritw  to  a  sultd  plug  uP  liypoblastic  i>pitkelinm 
(Fig.  123,  Til).  About  the  ead  of  llie  Rdh,  or  early  purt  of  tlii; 
sixth  doy  this  plug  !i(.-parHt<?8  from  the  floor  of  the  tliToat  as  * 
wilid  body,  ooinpOBed  of  ppirhplial  cells,  which  liM  cmbodded  in 
tlif  moK^lost.  imiiictl  lately  in  front  of  the  truDciui  orteriosas. 

The  thyroid  bftdy  soon  becomes  bilobed,  and  the  lobrs 
braacl)  out  as  solid  sbriogs  of  coll)!,  nhich  Iat«r  on  become 
tubalnr.  A  ahcHlh  of  vascular  conndctivti  liitaae  enrly  forDia 
around  the  lobe«,  wlitcli,  na  development  procewl--',  gradually  uhift 
backwards  a!ong  the  neck  to  their  adult  position. 

Apftirofsnlid  bodies,  formed  ofepithelial  cells,  which  seiiamt^ 
from  the  hypoblusl  i  uun-diately  behind  the  third  branchial 
pouches,  and  take  up  a  position  at  the  fiidea  of  the  larynx,  ure 
»omotimi>3  spoken  of  ns  aecesiwry  thyroid  bodiea. 

Thi-  thyinat  ariaen,  on  each  nide,  hr  a  couple  nf  epithelial  bmls 
Irnm  the  wa11«  of  thd  second  and  third  branclual  pouches.  Tlie 
Imds  soon  separate  from  the  surface,  and,  the  two  bnds  of  eacli 
side  fusing  togi;tlier,  givi!  rise  to  n  pn!r  of  elongated  lod-Uke 
boclies,  lying  iiloug  the  sides  of  the  neck  close  to  the  carotid 
arteries. 

The  ton^e  ik  formed  lut  nn  outgrowth  from  tbo  Boor  of  the 
pharynx,  oppositn  the  hyoid  and  first  branirhial  arches.  It  first 
bfconies  ainepicuoua  about  the  sixth  day,  and  by  the  eighth  or 
ninth  day  (Fig.  11(J,  T.v)  hue  attained  a  definite  aha pt-.  It  is 
formed  behind  the  boundary  line  between  tho  pharynx  and 
fltomatoda>um,  and  its  epithelium  is  therefore  of  bypobtastie 
origin. 

3.  The  Stomatodaain. 

Tile  fjtomatodECum,  or  mouth  invagination,  is  formed  by 
pitting-in  of  the  ventral  wall  of  the  pharynx  from  the  exterior. 

From  the  time  uf  its  firat  formation  the  ventral  wall  of  tlw 
pharynx,  in  front  of  the  heart,  ia  very  thin  (rf.  t'ig.  11 2j.  On  thp 
appearance  of  the  t'iscend  ardtea,  nethickcningsofthesids  walls 
of  the  pharytkx,  this  thin-waltcd  an«  on   its  ventral  enrfaoe 
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becomes  more  cl«irltr  definnl.  .is  n  slij^Mly  tlepresuHl,  truMvonaly 
eloDgntod  patch,  burd(.-ri-cl  l>y  a  tbirkvnetl  rim,  wlucb  is  formed 
partly  by  the  roiitral  eads  of  the  anterior  visceral  Krch«s,  sod 
paitly  by  I  he  iiiuler  sarlnce  of  the  head  itself. 

By  further  thickening  of  thit;  i-itn,  the  deprmsioD  which  iL 
nurrouiid.s  txxroiuett  dee]>ened ;  niul  the  ])it  formed  in  tJiis  way, 
rather  by  building  up  oF  its  nalU  than  by  lowering  of  it*  tloor, 
becomes  the  Btomatodspiim. 

Toward*  the  imd  of  tlic  tbird  day  iho  floor  of  the  stomutodsnl 
pit  thing  nwny  niid  becnmes  jierfomtwl,  pladag  the  phurynx  for 
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I      FlQ-  122.— The  liuuJof  mnKiobiTol'lilck  nt  thttcnilof  theAflli<lB]rot  inoalM- 
I  tlon;  twan  from  twlow.    Comparo  >1|[.  115  (nr*  vi«wof  anvmbcjixif  Uw 

^  mnto  iun>  lv>m  tho  rid*,     k  8. 
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tliP  first  time  in  dirrct  communication  with  the  exterior,  and 
foniiin^  tht-  pcrmaiii'nt  month  opening  fFig.  I  M,  o). 

The  Face.  Aftt-T  tL»  dcfiniu*  furmaliou  of  the  mouth  oiwning, 
Uie  borders  of  tbo  etoinatodical  pit  continae  to  develop,  and 
gradually  give  riw  1a  the  beak  and  the  anterior  (xtrt  of  tho  face  of 
the  bird.  At  tbn  end  of  the  tilth  dny  the  month  openinj^  O'ig- 
125,  Pe)  i«  oblun<;  in  Hhape.  Its  antt^rior  border  h  fonned  by 
the  fironto-naaal  [•roceas.  FT,  a  broad  plate,  notched  in  the  median 
line,  and  forming,  at  this  stage,  the  undt;r  surftce  of  the  head. 
Ttie  posterior  border  of  the  mouth  opening  is  formed  by  the 
rentral  enda  of  the  mandibular  archee,  iRt,  which  meet  each 
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other  ill  the  inedinn  piano  at  the  chin ;  and  ihm  side!<  uf  the 
opening  arc  houndrd  by  the  inasillar}'  nrch««,  MX,  wliicli  ffnw 
forwitnlK  from  the  iniiiKlibnlnr  Archex  to  meet  the  outer  angles 
of  the  fronto-nasal  procBSs. 

Thu  oltiiclory  pit;*.  oK.  Up  just  beyond  the  anterior  and  outer 
angles  of  the  mouth :  the  inner  horJer  of  L-ach  pit  is  formal 
by  the  side  of  the  fi-onto-naxnl  [)r(x<eia,  or  inner  nasal  proceit ; 
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Phi.  ISd.— Tlia  head  of  «i  Bmlxj-o  C.hick  nt  the  end  of  tho  soTOiitti  day  of 
incubation;  loEn  ttom  bclovr.      rS, 

BBi  ccrv^'ral  fiTOiIiLpberT.  CDi  t^Unl  r,vflJ-l,  at  ii^oilCAltnf  nioaitmiMk  OS* 
uiiUnliorl,  iKca  In  tMlinn  wlirt  chn  iiiwk  I;h  Imn  out  somo,  DB.  moiub.  SK- 
nlcmkl  uddiiry  iimtlui.  DIN,  nukruilbulDrari'U.  ICX.  milUiry  itKh.  JfS.  iplaitl 
mrd.wnln  miion.  OO.  •v>'l»I>-  OJ.  <.'|illlie1!>l  kjui'>  -n  lUt  at  Iml.  OK.  mrttBl 
DMlril.    OI»  !•■>'. 

the  out«r  border  ia  formed  by  a  strip  of  the  side  of  the  head 
between  the  olfactory  pit  »nd  the  eyo.  which  is  npolcen  of  •«  th« 
outer  naial  process. 

Bctwarii  tlio  outer  uasul  procv^if  und  the  maxillary  arch  there 
is  a  slight  dt>pre(tKion,  the  lacrytnal  groove,  widch  rnnif  from  the 
under  «nrfaoe  of  tlie  eye  to  the  outor  bordor  of  the  olfactorr  jMt. 
Betwwn  the  inner  nasal  proccsa,  or  winff  of  the  fronto-nasa] 
proeeMi  and  tlie  nnliMnor  end  of  the  tiiiudlhiry  arch  there  ia  a 
inoro  ooniipicuoiia  dt^preoeion,  the  nasal  grooTe.  which  becomm 
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oonverted  by  fu.<<ion  of  ite  tips,  aa  deecnbed  on  p,  275,  into  tlia 
poatiprlor  narinl  patuoge. 

Sy  tlio  ^ev<>itth  ilay  (Fi^.  1 26)  Uie  [>arl8  of  the  face  l>effin 
to  HRflume  more  defiuite  form.  'ITie  mouth  opening,  D3.  is 
more  i^lit-like,  and  its  bonnduriex  are  more  clearly  dpfiDed.  Tii« 
frotito-oosal  process  is  lutirower,  and  biu;  bfguu  to  grow  fonvarils 
as  \lv>  njipcr  brmk,  on  tlic  (![»  of  wliict  tlie  sinttl!  e])itli(>linl  kiiub, 
oj,  which  is  used  for  bmaking  the  egg-sholl  st  the  time  of 
hatchiug,  is  ali-eaily  present.  The  maxillary  nrcht-a  have  fiised 
with  tht^  adcs  of  th«  fronto-nttSftl  i)roo«»»  ;  thi*  iii»i<al  grooves  are 
converteil  into  the  iiarial  passages,  aud  the  Wr\'mal  grooves 
have  dimppeared. 

Tlie  two  mandibular  arcbes,  njt,  have  fused  in  the  median 
pbuie  to  complete^  the  Iowit  jaw,  whicJi  Is  itlreMly  l>oginninjjf  to 
grovr  forwards  as  the  lower  beak.  Finally,  the  external  nostrilii, 
OS,  hare  uarrofred  vurj'  coiiniderably,  and  have  actjuired  the  slit- 
like form  charact«netic  of  them  iu  thf  adtitt. 

Tim  pituitary  body  (Fig.  1 1  i,  rr)  ia  a  pocket-like  diverticulum 
frOQi  the  auterior  angle  of  the  stomatodicom,  which  appears 
towards  the  end  of  the  second  day,  and  which  early  acqnires  ita 
cbHnict.erL<itic  relation!)  with  the  infundibulum,  aud  with  thi! 
anterior  end  of  the  tiotocliord.  Its  development  has  already 
bc«n  dcscribi^d  is  the  section  dealing  with  the  bmin  (p.  '2b9). 

-t.  The  (Eaophagos. 

Immi-diatcly  behind  tlie  pliaiynx  the  alimentary'  canal  !<iid- 
deoly  narrows,  becoming  n  very  slender  tube,  the  cewpbagva, 
wbieli  runs  batk  in  a  pt-i-feclly  straight  course  through  the  neck 
(Figs.  IH,  K).  andliia). 

The  u>»phagafl  ia  at  6rst  very  short ;  but.  aa  the  nock 
lengthens,  thtf  (tHophagos  grown  rapidly,  to  k«vp  [lace  witli  thi<i. 
A  curions  point  with  regard  to  the  ttaupbagus  is  that  for  a 
time,  oommeijcing  about  the  middle  of  the  sixth  day,  and 
taating  for  two  or  tlinw  dny«,  the  Inmon  is  completely  Io«t,  the 
aosojihagiiB  Iwcoming  solid  along  the  greater  part  of  its  length. 
A  littlo  later,  about  the  ninth  day,  the  lumen  i»  gradually 
r«-e£tn billed,  from  below  upwards. 

This  temporary  obliteration  of  the  catity  of  the  ocsophngUB 
in  the  chick  ia  piThups  to  be  ussuctated  with  the  rapid  longtheoing 
whicli  tlie  neck  aud  the  uosopliagus  are  undergoing  st  this  period  ; 
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iMt  Uie  fact  that  a  nmilar  aolidittcatioo  of  tbecDBophagas  occuts 
in  dogfish,  fiogs,  reptil«e,  and  mammslp,  as  «rcU  as  in  birds, 
r«nd«rB  it  povible  thm  it  has  boom  further  aad  deeper  Bignifi- 
cation,  not  yet  deteruuncd. 

5.  Tbe  Stonaob  and  Intestiiie. 

Up  to  the  pud  of  the  tiiih  day  (Fig.  1 23).  the  alimenCaT)- 
cnnal  rom&im  almu&I  stmighc,  except  fw  a  slight,  ventratly 
directed  loop,  UT,  at  the  i^lace  where  the  yolb-stalk,  TS,  arises. 
coiui«ctiii<:f  thi'  iotcstine  with  thi>  yolk-sac. 

The  BMmadi  is  reot^isablc  as  a  slight,  fii<irunn  dilatatimi, 
T^.  nimut  ihi^  end  of  tht*  fifUi  day  ;  during  the  aixtli  day  the 
gixsard  becomes  evidont,  as  a  tliick-vrallt^  dilatation  of  the  distal 
end  of  the  stomach,  which  grows  rapidly,  and  by  the  twelfth  day 
has  attained  a  great  size. 

Prom  thtf  sisth  day  onwards,  the  iatertine  lengthens  rapidly ; 
growth  occurring  most  markedly  at  two  ports  of  its  length,  and 
givnagrisc  to  two  loops,  botli  of  wliidi  are  <Urected  rentialwards. 
or  these,  the  proximal  or  dvodcaal  hwp  is  formod  front  tbo  part  of 
the  intestine  immediately  Iwyond  the  gir^^ard.  The  distal,  or 
rit«llilie  loop,  which  is  mncb  the  longer  of  tlie  two.  is  formed 
by  elongation  of  the  two  limbe  of  the  V-«haped  kwp  which  is 
»lN«dy  pTCisent  on  tho  fifth  day.  and  from  the  angle  of  which 
tbc  yolk-stalk  arisca  (Fig.  123,  ys). 

Between  the  duodenal  and  vitelline  looiis  there  la  a  part  of 
tiie  tntOBtine  which  andergoea  hardly  any  elongation  nt  all.  bat 
reraaina  thmaghout  life  closely  nttaclied  to  the  dorsil  surEaoe 
of  the  body  cavity ;  it  corresponds  to  the  i>oint  in  Fig.  123  im- 
mediately beyond  the  opening  of  tlie  bile-duct,  no.  where  the 
intestine  l)ends  ventralwnrds  to  form  the  proximal  limb  of  the 
ritclline  loop. 

The  fiirther  development  of  the  intvstino  coui^iitts  chiefly  in 
great  elongation  of  tJie  vit«lltiie  loop,  which  givea  rise  to  the 
whole  length  of  tbo  small  intestine,  beyond  tlie  dDodeonm.  Both 
liniba  of  the  loop  lengthen  very  rapidly,  and  become  twisted 
somewhat  spirally.  Up  to  aboat  the  seventeenth  day  the  vitelline 
loop  lies  almost  entirely  In  the  yolk-statk,  and  therefore  outside 
the  body  of  the  embryo  j  about  the  eighteenth  day  the  greolor 
{lart  of  the  loop  becomes  withdrawn  into  the  body,  and  acquires  j 
tiie  coDTolationg  characteristic  of  the  adult. 
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Till'  reetum,  or  tertninnl  pnit  of  the  intpstine,  grows  very 
slowly,  and  rvinaiiis  nearly  istruight  tlirougboiit  tliu  whole  period 
uF  dt^elo  pine  lit.  The  boundary  between  the  somlt  intestine  Ami 
the  rectum  is  uiurked  by  the  two  rectal  direrticitla,  wliich  appnr 
as  a  pair  of  small  pouch-like  otitgn)wthB  (Fig.  123,  oil)  about 
tlio  end  of  t!i«  fifth  day  ;  lhc*ft  gi-ow  mpidly,  and  by  (ho  vightli 
or  ninth  day  have  attained  a  coneidembl^  lenglb.  The  rectum 
itself  remiiiua  ahoi't ;  in  the  hiter  days  of  incubation  ib  dilates 
r«ry  greatly,  and  shortly  bvforv  ito  time  of  hatching  the  btirw 
SaVrioii  nriM-^  ax  ik  donwl  oiitjfTuwtli  tmin  its  ilistul  end. 

The  mesentery.  The  alimentary  canal,  along  its  wlinln  length, 
is  at  tirst  cli'wiy  attached  to  the  dorsal  wail  of  tfio  body  cavity, 
imnipdiati':! y  bftnw  the  notocliord. 

Tlie  |ihikryiix.  oi-  ninxt  anterior  dmaion  of  the  alimentety. 
eaoal.  ivtaiim  tl\(-t->;  relatione  tbmughuut  life.  The  cBSopliagiiB 
fthifta  Teutralwards  to  a  slight  extent,  owing  to  the  iDtruaioo  of 
mMoblnfit  ln-tw<>«>n  it  and  tin-  iirjtOL'lKin].  Further  back  the 
TNitTol  shifting  L4  much  morB  tnarlced  ;  nnd  tlic  whole  int«>itinat 
region,  from  the  stomach  to  the  rectom,  becomes  ^tuated  some 
distance  ventral  to  tbe  aotochoi-d,  remaining,  however,  conoect«d 
with  tilt-  dorsal  wall  of  tJu>  body  «tvHy  by  n  vertical,  laterally 
oompreteed  Kheet  of  nienoblost.  the  meteatery. 

An  exception  to  thia  statement  must  be  oiadowitb  regard  to 
tbe  abort  portion  of  the  int4.*i>tinu  between  the  dnodeiia]  and 
vit«lliQe  loops,  which,  as  already  noticed,  remains  in  close  con- 
nection with  tbe  dorsal  body  wall  througliimt  life. 

As  the  duodenal  and  ritetline  looj»  of  the  intestine  tengthm, 
th«  me»nt«ry  grows,  keeping  pace  with  them,  and  becoming 
ntill  (uri.hcr  reduced  in  thickness ;  it  ultimately  fonns  a  tliin  slieet. 
conaisting  of  two  epithelial  layers,  derived  from  tbe  peritoneum, 
and  inclosing  between  them  a  very  thin  layer  of  nu>Acil>laKt.,  along 
which  the  blood-vesReU  mn  to  and  from  the  alimentary  canal. 

The  terminal  part  of  tho  alimentary  can&l,  or  rcctnm,  like 
the  anterior  part,  remains  doself  ctmnecied  with  tbe  dontat  Iwdy 
wall  througliout  life,  the  mesentery*  in  this  regioa  only  attaining 
a  cofn|mmtiv«-)y  FLlight  derelupment. 

0.  The  Prootodeom. 

•  proctodu'um  is  a  alight  deprcasion  of  the  skin  at  the 
end  of  the  body,bene8tb  the  tail  (Fig.  123).    It  develo^ie 
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veiy  lat«.  am]  ilues  not  open  into  the  necluui  until  about  the 
fifteenth  day.  The  proctodfeum  in  the  chick  is  veiy  shallow, 
nml  irivea  rise  unly  Ut  tlie  outei-inosit  ])Orti{jii  of  th«  adult  cluucit. 
and  lo  Ui<?  actual  (•xt«i*iml  opening. 

7.  The  Lsa^s. 
'The  ItiDgs  arise,  dm-ing  tlie  ttiini  day,  ue  a  pair  of  small 

hollow  outgrowtlm  from  the  ventral  surfiiceof  the  anteriorend  of 
the  (JcsopLn^ue.  Ity  laternl  conslriction,  tht?  vctitml  pari  of  the 
ccsi>[>liaj^UB,  from  which  Iha  lungs  nriee.  becomes  Eeparaled  offtkx 
fk  iiitHlia.n  chamber  (Fig.  I  M,  Ui)  :  this  lies  ventral  to  tie  uso- 
phagus,  and  (ipt^ns  in  front  into  the  hinder  end  of  tbo  iihaiyox; 
while  from  its  hinder  end  the  lunga  extend  hat^kwai'dit  iw  poste- 
riorly directed  outj»rowtli8. 

The  lungs,  aficr  tJu-ir  finit  appraranee,  rapidly  increase  in 
Bizo;  they  give  off  «ec<iiidi»i;j'  diverticula,  which  branch  agftia 
and  again ;  and  from  th^  fiue«t  brancbes  arbore»cent  outgrowths 
aris^  ut  right  ai)f:;te»,  which  become  the  ultiniat«  spongy  sab- 
staucu  of  the  lun}^. 

The  iiir  saca,  which  are  stmctures  vt'rj'  elijtrm.-t^'Hstip  of  birds, 
ftppaar  itliout  tht.-  eighth  day  as  tliin-wallal  aai-milai'  diverticula 
from  the  hiiidiT  [^ge»  of  the  langa;  the  ulnloiuinal  uir  aouit  arc 
in  the  earliei'  stiLges  iho  bej»t  devi^lopod. 

The  trachea  (Fig-.  110,  UK)  is  formed  by  elongation  of  the 
median  lar^'iigeul  tube,  as  the  neck  leugtht-ns  and  the  lungs 
gradually  shift  backwiLrd»  into  the  thorax. 

From  the  mode  of  development  of  tli«  lungs,  as  outgrowth.-* 
from  the  aliitienlnry  canal,  it  Iblloft-a  tlml  their  lining  epithe- 
lium, including  the  minutevt  passages,  aud  that  of  the  air  eacs 
as  well,  is  of  liyix^hlaatic  origin :  the  rtret  of  the  thickness  of  the 
long  walls,  iucluding  all  the  blood-vessels,  is  inosoblastic. 

'Iho  lungs  contain  no  air,  and  are  not  used  for  breathing, 
until  iuimediatvly  before  the  time  of  hatching;  when  the  chick, 
brHalcing  through  thw  shell  membrane  into  the  air  chamber 
at  the  largL-r  end  of  tbo  i^gg  (Fig.  101,  sv).  draws  air  into  its  . 
lung«  for  the  first  time,  and,  invigorated  by  the  act,  proceeds  to 
peck  it8  uay  out  of  the  shell. 

8.  Tlie  Liver. 
The  liver  uriHB,  about  the  middle  of  the  third  day,  us  a 

tabular  divei-ticulum  from  the  posterior  end  of  the  fore-gut,  in 
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iho  uiigif'  lwtwf»en  the  two  vitpllinr  veins,  nnil  immediately  liphind 
tlielr  |)oint  of  uiiioiu  A  si^'cond  diverticulam  arivco  (Vom  the 
aarae  aix>t  ahtioet  tiii-.'ctlj'  aftprwarda  ;  it  ia  simiJar  to  tlio  Bret, 
bi)t  of  rather  >ininl]er  sixf.  BotJi  tiiese  (lirerticula  bave  hypo* 
bltKtic  wniU,  witb  tUiu  mvsubliutic  inveatmcnts. 

Towards  the  latter  part  of  the  tliin]  (]&y,  ii"  the  folding  off  of 
tbe  embryo  froni  tUe  yolk-sac  profwilB.  tliy  livor  diverticaln 
nra  fuuiid  to  ame  deKnitely  frnni  the  part  of  the  tnesenteron 
which  will  Ut«p  bccifittf  iIr-  duudL-num.  At  the  snnie  time  tlify 
come  into  wry  cloae  I'elatioH  with  a  lorgie  median  vein,  the 
mentuti  venosns,  nliich  is  formed  by  the  unioD  of  the  right  and 
left  vitollino  veins  behind  the  heart  (cf.  I-'ig.  128,  ve>. 

Tlie  two  liver  diverlic«la  lie  oiw  nt  ©nch  side  of  the  niiMifciiM 
veuosufl,  and  in  very  close  contact,  with  (his.  The  hypoblnstic 
e«lls  forming  the  wnlls  of  Iho  divorticnla  now  bogiu  to  prolifemt« 
''^^'yi  (P"^>'>K  »°t  as  Rotid  ntmnds  of  celU,  which  form  an 
irregalu'  reticulum  closely  eiirronndin^;  the  montas  renmus; 
the  mesbes  of  the  rpticuluni  U'ing  occu[>ii'«l  by  capiUaiy 
blood-vessels,  which  develop  in  the  nieaoblast,  and  early  ao()air« 
eonn<>etion  with  the  toeatn^  venosus  itAclf. 

Tbesa  proocawa  proceeil  ntpidly  daring  the  rooiih  and  fifth 
days,nnd  by  the  cud  of  the  Rfthdny(Fig)i.  123  and  128)  the  liver 
ii  an  orgna  of  considerable  size,  consisting  of  a  netmirk  of  solid 
rods  of  hypoblast  cells,  whiclt  branch  »nd  anagtomofe  Ireely  in 
all  directions ;  the  mesheii  of  the  network  being  occupied  by 
blfXHJ-vtfueels,  which  iienetmte  all  pitrti«  of  the  liver,  nuil  are  in 
fr«e  ooonniinicatiou  wirh  the  meatus  veuoeus,  round  which  tlu- 
liver  in  farmed. 

*l'ho  liviT  c-oiitlMTivK  ro  grow  nipidly,  and  by  the  tenth  day 
is  the  lorgetit  organ  in  the  iihdoniina)  CAvity.  Hie  trabecalar  net- 
work of  hypobloat  celUi  becomes  the  liver  parenchyma ;  the 
tubular  diverticula  from  the  duodenum  branch  out  frewly  in  tbe 
snb«tAnCf  of  the  liver.  an<l  b>-«oine  tbe  two  bile  duota  of  tbe 
adult  lurd ;  while  the  gull  bladder  ariaw  on  thv  tif)h  day  as  n 
BRccular  outgrowth  Iroin  the  right  or  larger  of  tbe  two  primary 
divvrlicula. 

The  early  formation  of  the  liver  in  the  chick,  and  its  large 
Bize  during  the  greater  part  of  the  developnientnl  history, 
indicate*  that  it  must  be  of  considerable  functional  importunco 
daring  embr\-onic  life.     Its  relation  to  the  blood  system,  and 
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aspeeiaUy  the  fact  tliat  it  int^reeptw  the  lAooA  returuing  fi-oin 
tlw  yolk-sac  to  tlif  li(?art,  ttn^^ri^t  ibut  ite  cbiff  purpose  is  dod- 
nected  witit  the  elnbomtioii  of  the  food  lualeriftl  which  is  obtained 
from  the  yolk-sac,  and  ut  the  fxpcuw!  of  which  the  nutritioa  of 
the  embryo  is  effected. 

9.  The  FuoreaB, 

The  pn.iici'^iH  arises,  rather  later  th&n  the  liver,  &s  a  tubular 
outgTon-tli  rroQ)  the  duodenum,  just  beyond  the  two  liver  diver- 
ticula, from  which  secondary  outf^'owthg  arise  iu  much  the 
xuinu  nimiinT  jus  in  llic  liver  iis<-lt'.  A  wcimtl  <livfrticuliitii 
arises  fixim  the  duodenum  about  the  eighth  day,  iiiid  gives  nse 
to  the  greater  part  of  tin-  iidult  puiicreas ;  and  at  a  later  |)f  riod 
a  third  divei-ticulum  i:^  lonnc^'J.  Tlio  three  diverticula  pL-rsiet  ns 
the  three  pancreatic  duetsof  the  ndult  bird,  while  the  three  lobes 
of  thii  pancreas,  with  which  they  are  connected,  sooii  fuse  iudis- 
l.inguishiihly  with  one  another. 

10.  The  Allantois. 

The  allantois  is  really  an  appendage  of  the  aii meDtaiT  caual, 
Bribing  as  an  ouI^'otciIi  of  its  venlral  wall,  in  front  r>r  the 
cloaca;  it  is  therefore  lined  by  hjijoblast.  like  all  other  ont- 
g-rowths  of  the  mesenteron,  while  the  rest  of  the  tbickuesM  of  it« 
wall  is  formed  hy  the  gplanchiiopleuric  mesoWast. 

The  ulliintoiH  of  the  chick  is  homologous  with  the  bladder  of 
the  frog  (Fif^:.  8!>,  TU).  It  diffei's  iriaiiily  fi-oiii  this  in  the  fact 
timt,  while  arising  in  the  same  manner,  it  16  not  conSnctd  within 
tha  body  of  the  embryo,  but,  j^iowliig  rapidly,  ]mii^es  out  beyond 
tliisfts  a  thiii-wfilled  voMcuIar  sue  (FigB.  100  and  101,  T.t),  which 
Mpreuda  out  in  dose  contact  with  the  inner  surface  of  the  Cf^ 
ahell,  and  acts  as  the  rexpirntory  oi-gaii  of  the  ombryu  during 
the  greater  part  of  its  development. 

In  the  chick  the  iiHiintois  conimeocei*  to  form  about  the 
middle  of  Ibe  second  day.  At  this  time  the  tiul  told  ia  not  yet 
established,  so  that  tht>  allantoic  (1' ig-  1 1  ~,  T\)  oppenra  nt  tirst 
as  ft  pocket-like  fold  of  the  upland  niopleure,  lying  a  short  way 
behind  tlie  embryo,  and  with  its  cavity  opening  ventralwartU. 

On  the  formation  of  the  tail  fold,  early  on  the  third  day,  the 
|«ut  of  the  splanchnopleure  from  which  tho  allautoiH  arises 
bocomes  doubled  forwards  under  the  cmhryo  to  form  the  ventral 
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wall  of  tb«  gnt,  and  tfat*  nllsotoie  n«w  appears  as  n  eaccaJar 
deprAEsiou  of  t)ii>  vmtral  u-nll  of  t]i«  liind-gnt  (Vi^.  1 1 4,  ta). 

During  the  tbinl  day  the  uUantoU  inureuM^s  (.ituHiderably  in 
siKe,  ()rojcctiug  downwards  and  forwards,  aa  n  hollon,  tliick- 
walled  bud  from  tJic  vonlnd  ifurface  of  (lie  liinti-gut,  iato  the 
body  cavity,  ur  space  Wtweeii  llie  somatic  nod  ttplanchiuc  layecs 
of  the  mesoblaat. 

Ouriog  the  foarth  day,  by  Ita  furtlier  growtli,  the  alluitoia 
pMBWoat  beyond  the  embryo,  and  tama  op,  ntongits  right  side, 
into  the  space  betwpen  the  two  layers  of  the  nmnion,  which,  fpotn 
the  modo  of  fonnntion  *if  the  »uinio>i,  i»  directly  cpntinuous 
witli  th«  body  cavity  of  the  embryo  (ff.  Fig.  114). 

On  tho  liftb  aud  following  daye  tbo  tiltantois  gruwM  rapidly  ; 
IroDi  the  Grst  it  is  very  rasculor,  and  the  blood-veaaels  now 
iiicroa»o  [freatly  in  wze;  tli«  arteriw,  wbicli  lii-  in  ita  eu[>er* 
ficial  layer,  are  derived  din>eliy  from  the  aorta  (Fig.  128,  u.) ; 
while  the  veins,  v.*,  which  lie  in  its  inner  or  deejier  layer, 
join  tile  viteltini-  veins  fruin  the  yulk-eac,  and,  passing  through 
the  IiTer,  reach  the  heart. 

By  the  tteveuih  or  Wgbth  day  (Fig.  101,  ta),  tlie  allantois 
has  spread  all  rtumd  the  upper  half  of  the  egg,  covering  over 
th«  i>nibryo,  and  extending  half  wny  round  iho  yalk-sac  as  well. 
It  is  Rtill  sncciitar,  and  its  cavity  contains  fluid.  }\9  oDter  null 
lies  in  very  close  contact  with  the  outvr  layer  of  the  amnion,  or 
false  amnion,  and  soon  ftisfts  with  liiia  completely,  so  that  from  this 
time  the  Allantoic  lies  in  close  contact  with  the  fhcll  membrane. 

Id  its  fuitlicr  growth  the  all&ntois  does  not  follow  tlio  %'olk- 
sac;  bnt,  keeping clocetn  rheegg-ftliell,  and  carrying Oie soiuato- 
pleore  before  it,  it  extends  bo  as  gradually  to  inclose  the  moss 
nf  the  white,  wjk,  which  still  retaainaon  the  ander  surface  nnd 
near  the  smaller  end  of  the  egg.  The  allantols,  aliout  the  tux- 
teeuth  day,  completely  incloses  this  plug  of  white  or  albumen, 
and  from  this  time  Ilie  absorption  of  (he  plug  prooeedK  rapidly, 
the  albumen  being  apjiarcntly  carried  by  tlio  allantoic  veasola  to 
the  enibt^'o.  and  aiding  in  itn  nutrilion. 

Towards  the  eloae  of  iocubution  dejiosita  of  nratea  occur  in 
tlie  cavity  of  the  allantois.  indicaling  that  it  serves  as  a  recep- 
tacle for  the  excretory  mntters  forined  within  the  eml»r\-o  itvelf, 
aa  well  Od  a  i-espiiatory  organ  in  tlie  more  rt«tricted  («nseof  the 
term. 
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Shortly  licfor^  t\\f  time  of  batching,  tho  allantoic  redselt 
become  cooBtricted,  by  tte  cloaiiro  of  the  body  wails  nl  llic 
umbilicus.  The  allantois  itself  shrivuls  up,  aod  is  cast  off  as  the 
cliitk  works  its  way  otit  of  (he  sliell. 


DEYELOPJIEKT  OF  THE   HEART  AND  BLOOD- 
VEriSELS, 

I.  ftraliminary  Account. 

The  gcne-ral  arraiigi'meiit  of  tlio  vasfular  8ytt«(n  duriiiff 
ombryouic  life  is  slrilcingly  aiiuilai-  to  tlmt  of  the  tadpole.  Tin- 
hi^arr  is  at  Brat  a  straight,  and  Lat^r  a  twisled  tube,  lyiiig  beneaih 
lliu  pharynx,  and  driving  the  blood  through  a  Bpripit  of  paired 
uiirtic  ai-chvs  (Fig'-  1-3)  to  llie  dorsal  norlre,  wliicli  diKtribntt;  il 
10  all  parta  of  the  body.  From  the  body  gpnerally,  and  from  the 
Wnlfliaii  bodies,  the  blood  is  retumed  by  anterior  ami  pofiterior 
ciu-dinitl  v-cine  on  each  side  ;  theeo  nnite  to  form  thi;  Cuviorisn 
veins,  or  anterior  renso  eavip,  which  open  into  the  anus  vennsoa 
or  posterior  end  of  th»?  htrart.  Fi-oni  i\w  alimentary  canal  the 
blood  ia  r«tiinied  by  the  mesenteric  or  hepatic  portal  vein,  which, 
pn^.ting  thraugh  the  liver,  joins  thu  posterior  vetvi  cava,  the  vcii> 
through  which  the  bltKxl  is  returnw]  tn  tbt*  bear!  from  thf 
kidit«ys  and  olher  organs. 

The  chief  differences  between  tho  chick  and  the  frog  as 
regnnii  the  nrranffpment  of  the  blood- vessielR  are:  (i)  that  the 
cliick  embryo  bns  no  gills,  either  external  or  iutcrual,  and  theri-*- 
fore  poBseesesno  vessels  correspouding  to  the  gill  loopaof  the 
tadpole ;  and  (ii)  that  in  the  chick  the  veaeelB  ooiuwotcd  with  \he 
yolk-aac  and  with  the  allantois,  both  of  which  are  st-mctores  out- 
side tb".-  embryo  itself,  are  euonnoualy  developed.  Thetublood- 
vessela,  vitelliue  nnd  ivllrintoic,  are  in  direct  connection  with  the 
reesda  uf  the  finbryo :  thi^  afferent  vessels,  i.«.  the  vitelline  and 
allantoic  nrtet-ies,  being  branches  of  the  dorsal  aorta;  while  Uu* 
efferent  vesecle,  the  ^'iiotline  and  allantoic  voinx,  on  enlmug  the 
embrj-o,  join  the  nieseiiteric  veiuN  and  run,  through  the  liver,  to 
the  heart. 

Throuphout  the  greater  part  of  the  period  of  incubation,  the 
Titelline  and  the  allantoic  veswlg  are  of  vitj'  large  siap;  and 
iuatiDiuch  a«  the  reluming  vesaels,  the  vitelline  and  allantoic 
veins,  bring  to  the  euibrj'o  food  matter  from  the  yolk-sac,  and 
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(Vom  the  ollnntois,  {i  followa  thnt  the  blood  entering  tl)i> 
t1^  tho  poeterior  vena  csra  is  arterial,  and  not  venous,  in 
characipr.  'l*he  right  undf^rstanding  of  thr  p^culiaritiiii  in  the 
circuliitinn  ill  tlii>  cliii'lc  Juriii^otnhryoiiic  lift!  is  mainly  di>]ien- 
dent  OD  n  full  apprt'CJntioii  of  this  fact. 

The  nortic  archca  of  tli*»  chick  embryo  undergo  chaugeA  very 
HioUiir  to  thosf  which  vccur  In  the  rn)p;  tUi*  architt  dienp- 
peuriiig  in  pai-t,  and  in  part  Wconiin^  nio<litt<-d  into  tho  nrlerinl 
Byst^m  of  the  ndult.  As  in  the  frog,  the  pulmonary  arterH'B  ar^ 
hranchra  from  the  bindmoet  pair  of  aortic  arches. 


Histological  development  of  the  blood-veiMLi.  'I'hi.'  blooJ- 
TeeseU  appear  iu  tlu>  vuscalar  area  before  tliey  aiv  formed  in 
tbe  embryo  it$«lf,  aiid  the  mode  of  their  development  is  easier 
to  floterniiiiu  in  tho  former  mtnatlon. 

Shortly  beforft  the  end  of  the  first  day,  whfln  two  or  thife 
pairs  of  mesobiastic  soinitcM  ar«  preseut  in  the  embryo,  a 
number  of  outgrowtlia  from  tJio  upper  surface  of  tbe  hyp<tblast 
apjimtr  round  the  inner  margin  of  the  area  opocn.  These 
branch  frealy,  and  unite  with  one  another  to  form  a  network, 
lying  between  tbe  niesoblast  niid  the  hypoblast :  the  slrnnds  of 
lh«  network  are  solid;  they  contain  numerous  nuclei,  bat  cell 
outlines  nni  difRcnlt  or  iropoisible  to  determine  in  them. 
Within  tile  strand;",  vacuolos  iK»n  apitear  at  interrnU:  tbe«e 
enlarge  rapidly,  and,  running  Into  one  unolher,  convert  the  solid 
networle  into  a  :<ysteni  of  anastotnosinrf  tnbiiW  with  nneleated 
Trails,  'i'hexu  tubidcM  are  capillary  blnod-remela ;  tJier  nru  BIIikI 
with  Unid,  bnt  contain  no  blood  <.-or|tu»clc!t  nntil  a  later  »lage. 

Thi»  va^cuUr  notwork  spreads  rapidly.  i>xleodiiig  outwards 
as  (he  vaKculnr  area  niden^,  and  inwanls  ncrosa  tbe  area 
pellucida  Iu  the  t- mbr>'o,  which  it  invades  on  the  i!c«ond  day- 
From  their  first  appearance  tbe  vesseln  *if  the  embryo  are  con- 
tinnotiK  with  tho«e  of  the  area  pellucida  ;  bnt  it  is  not  quite  clear 
how  far  they  arise  in  kUu,  or  how  far  by  intrusion  of  vrswls 
from  the  aiva  pellucida. 

Tliix  network  of  blood-veneU  lies  below  the  ttteaoblast.  be- 
tween tliiii  and  the  hypoblast ;  it  ia  ooimectMl  at  pluoes  with  tbe 
hypoblast,  from  which  it  arictes  in  the  Iirst  iimtince,  but  it  is 
quite  imb-pL-ndeniof  the  mesohlust.  If  thisappean  to  contradict 
tlie  g«neral  rule  according  to  trhivh  tlie  blond-ven-^elHare derived 
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from  mesoblwtt,  it  sliouM  Iw  reinnnbcmil  tlutt  tli'-  u-liDTt"  of  the 
tnesoblast  in  the  chicle,  with  tlio  f>xwptioii  of  the  prliaitiva  str 
meaoblasi,  a  of  hypobltistitr  orifpu ;  aud  the  fict«  nntfa  regard  to 
the  fonoatiou  of  the  hlocd-t e&^elg  mi;.'ht  therefore  be  espr 
by  8nving  thot  tliw  biwotl-vt-jtseU  »ii'(ianitf  frwm  (he  b^'poblafttat ; 
stage  kter  thau  that  at  whi(^  the  other  mesoblastic  Ktructui 
are  formed  from  it.     It  is  hotter,  howei-er,  to  accept  the  factB  i 
theyBt«u(] ;  nnnK-l;,  thnt'  in  thi;  cliick  man^-  oftlie,  Uood-vessel 
are  derived  directly  and  independently  from  the  bypoblaid;  and 
to  bear  iu  mind  that  the  middle  genuiiial  Inyer,  or  inesoblast,  i 
not  be  regarded  ae  in  any  sense  etjiuvalent  to  either  of  the  twol 
primary  germinal   layers,   epiblnst  and    hypoblast;   the  term 
*me«oblast'  being  u^d  to  include  a  number  of  very  ilirer 
Btmctnree,  iDoet  if  nut  all  of  which  owe  ihoir  ultimate  origin 
to  eitiier  hypobla&t  or  epihiast. 

The  hypohlaslic  ra^ulnr  network,  fonned  in  tlie  way  (le> 
tKrribed  above,  gires  rise  directly  to  the  capillaries  and  to  tlie 
endothelial  lining  of  th«  lar|^r  bloml-vesseU.  'I'lie  connective 
tiafiue  and  museular  walls  uf  tb>*£0  lat1t>i'  &tv  derived  indepen- 
dently from  the  mesoblast,  n-hich  grows  round  and  envelopes 
them. 

The  blood-viwsels  within  the  embryo  art*  at  first,  like  tbose  of 
the  area  peliacida  and  anvivasculona.  reticular  in  their  arrang&- 
nient-  The  definite  arlAnoKiindvoiiuton.^  fonticd  b}' i^tntightctung 
and  enlnr^ment  of  eertaiu  of  the  t<tj!in(lii  of  the  network,  with 
dieappeoroDCe  of  other  portions;  the  dorsal  norta?,  for  instanoe* 
arising  early  ia  the  second  «]ay,  in  e>nI>ryo«  with  eight  pairs  of 
mesoblastic  i»mites.  as  a  pair  of  longitudinal  trimlcH.  lying  along 
the  ontcr  and  vcntrtU  borders  of  the  Homiteii.  between  tiie  meso- 
blast  and  hypoblast,  aud  communicating  freely  along  the  hinder 
ptirt  of  their  conr»e  with  the  retienlar  network  of  the  area 
pellncida. 

2.  Th«  Heart. 

The  hftart  is  formed  on  the  under  surface  of  tho  fore-gnt,  at 
the  commencementof  tlie  secondday.  It  consists  at  first  of  two 
longitndiiial  vrssela,  which,  though  closely  applied  iu  the  median 
plane,  are  for  a  time  quite  distinct,  but  whid]  soon  fuse  to  form 
s  single  medinti  tube. 

The  walls  of  the  heart  couMMt,  a«  in  tie  frog,  of  on  outer 
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muscular  ooat  (Pig,  120,  nil),  formed  l\v  tlie  splnnchnoplearic 
layer  of  niesoblant ;  and  an  inner  eiidothplial  iiiiinif.  ke,  con- 
cerning the  origin  of  which  it  is  difficult  to  »pwik  with  cci-tointy, 
but  whicli  uppt-jirs,  like  tliat  of  tlie  other  blood-veseeU,  to  be 
derived  fruin  ihp.  Iiypoblut. 

Tlie  iriasculor  wall  (Fig.  120,  um)  is  at  first  incouiplete  dor- 
sally,  but,  after  t\w  two  linlvi-s  of  the  licurt  bttvw  uiiiUtl,  the  moa- 
cular  wiOts  grow  in  toMnrds  iht-  m«Hliaii  plnne,  alxwe  the  bcttrt, 
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FlO.  127, — Tbo  luiWrioronrtofml'l.--—  t.n.uivo  «(  tlicUiirij-Biittli  Ittmrrf  ia- 
cutation,  raaK>T«d  trom  the  T>>lk-Mic,  iibn  »ceii  from  tli«  T«Dtnl  tmrfK*. 
(CompuePlg*.!!!  and  112  for  other  rimofnn  rmbryonf  tbcmaoaec.) 
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B,  poMMr  Bortl  >f  ImI  hiM  Df  niltlilll»i|anir».  tit 
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and  ooalwce  so  as  bi  compKito  it«  wall.  'Ibe  eiidoiholiul  tubo« 
of  t))9  two  h*l7««  of  the  heart  remaiti  distinct,  though  closely 
apiKieml,  for  some  time  afler  the  muscular  wnlU  hkve  coaleeced, 
bat  uttiointety  they,  also,  become  roDlinuoue.  Uetween  I  be 
moscnlar  and  eitdothcliat  vmlU  there  is  at  first  a  cxtnisiclvmble 
qnce,  Bllcd  with  a  mucooB  snbstanre  (Fig.  120). 

TIiP  h^art  thus  forms,  aboai  the  tliirtieth  hour,  a  .iliort  and 
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atraiglit  tube,  lying  iiskm  the  fore^ut,  aud  closely  nttached  to 
its  T€Dtral  gui^nce,  and  witli  its  vn\]a  coDsisting  of  wi  outer 
muscultir  tabe  and  an  inner  pndotli<^lial  tube. 

The  posterior  end  uf  the  huurt  is.  from  thti  Grst.  eoQtiimous 
with,  or  rather  is  formed  by  tlie  uuioii  of,  two  targe  vessels,  tht* 
riteUiiK*  veins  (Fig.  127,  it),  which  aJl«t  and  retara  to  the 
embryo  the  blood  from  tbe  network  of  capillaries  in  the  area 
piOliieiilii  mid  nrea  opncn  (f/.  Fig.  fl8). 

The  heart  is  at  first  very  sliort ;  but  as  the  head  fold  becomee 
dfpper,  constricting  th?  embryo  more  and  more  marki-dly  from 
the  yoIk-iRic,  thu  vitelline  rviius  remain  at  the  edge  of  tbt*  (old, 
and  eo  get  can-led  liavk  with  it,  cnaiuiig  tliereby  lengthening  of 
the  heart. 

The  heart  l>egin3  to  beat  very  shori^ly  after  its  tirst  foraiatloD, 
and  boforc  any  distinct  lilstolo^cal  diflVriiit iittion  into  moKlp 
and  nerve  cell?  caii  be  diatingnislied. 

Ou  itei  first  formnrion,  the  Li-art  is  attached  along  its  whole 
length  lo  the  umler  surface  of  the  fore-gut.  It  remains  attached 
at  its  two  eiuU,  but  ubuut  the  thirty-third  honr  btwomen  five 
along  tbe  middle  portion  of  its  length  (Pig.  112,  RV) ;  and, 
growing  more  rapidly  than  the  purtts  to  which  it  is  attached, 
becomes  thrown  into  a  loop  (Fig.  127),  with  the  convexity 
towards  the  right,  and  tbc  concavity  towards  the  left  side  of 
the  embryo. 

The  loop,  continuing  to  lengthen,  projecta  downwards  and 
backwards,  sothnt  thi-  wholo  heart,  tonardi:  thot-nd  of  the  M^oond 
day,  hecoraus  twisted  oblicjuely,  into  a  lert<'i-  S  .shape.  Storting 
from  the  ]v>int  of  union  of  Uie  vitelline  win?!,  the  heart  runs  foi^ 
ward^  a  cei'tjtin  distance,  then  makes  a  iharp  bond  doivnv&nk, 
backwards,  and  to  tbe  right  side ;  then,  making  a  second,  equally 
sharj)  bend  (•-/.  Pig.  1 13,  Rv)  upwardi*,  forward*,  ond  to  Uie  left, 
reache:^  the  ti)ed{.<vn  plane  agnin,  and  is  attached  to  the  under 
SOfface  of  the  pharjiix  oppoaito  the  first  two  pairs  of  gill-clefts. 

The  pot-tertor  end  of  the  heart,  into  which  the  vit«Uine  reins 
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end   of  the  heart  ;  luirl  thp 


venous 

ant*?rior  end,  the  luteriol  end.  The  fimt  bend  or  loop  (Fig. 
Hit,  ka)  marks  the  anriculnr  pnrt  of  the  heart;  and  the  Beoond 
bend,  nv,  the  ventricular  part,  'nie  forwardly  directed  portion 
of  thit  heart,  in  fionb  of  Uie  secoiiil  bend,  ia  the  trnncus  art«n- 
OSQg,  RT. 
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DoriDg  tlie  third  dav  (Fig.  113),  th«  heart  iocrense*  coii- 
stdambly  ia  size ;  the  S-like  twisliii);  becomeni  still  more  pn>> 
iioDDced  than  before ;  and  coaetrictions  appear,  sepantiiiff  tho 
rsereral  cbamlK^rs  of  tin-  heart,  from  one  nnother. 


On  the  fourth  day,  the  auricnlar  porlioii  of  the  heart  became 
wi(l«Ded  Intern)]}',  iiud  [iiiirkod  ofT  hy  a  fliarp  constTict-ion  from 
the  ventricular  portimi,  vvbicli,  in  its  tuni,  id  B<>{Mirat«d  by  a 
distinct  thoii)fh  U-«s  prououuced  constrict  ion  from  the  troncuH 
arteriosua. 

The  most  important  event,  howoror,  that  happenH  durinif 

the  fonrth  day,  so  far  «s  the  liwirt  i»  concerned,  is  tlie  tirst 

Lkppcaranco  uf  the  purtjttuns  by  which  the  right  attd  Icfl  sides  of 

^ihft  heart  beooiii«  ^e[>arat«d  from  each  othiT.     Up  to  the  r»i)rth 

dny  the  heart  is  a  eingle  and  continuous,  thou^fh  twisted  tubt>, 

witJiont  any  division  wbntrvcr  into  riglit  and  left  i^idea.     The 

btootl  eaters  at  the  jiottt^^rior  or  vemiuA  t^iid  of  the  heiu^  and 

lipsasing  through  thi.>  i^veral  cavities  in  succession  passes  out  in 

ftvnt,  tlirongh  tin*  trimcus  nrtiriosus,  into  the  aortic  arches. 

Till*  internal  divii<ion  of  the  heart,  into  right  rmJ  left  sides. 
is  ofieoted  by  three  septa  or  partitioiiB,  which  apjieor  within  the 
cnvity  of  the  heart,  and  >»Iiich  aiise  jn^rfertly  itidep-'ndently  of 
one  another :  (i)  the  iateraoriculac  ■eptom,  n-hich  divider  the 
auricular  chamber  into  tl)«  rigttt  and  left  auricles;  (li)  the 
interreiUricnlu'  aeptom,  which  divides  the  ventricular  chatnbt>r 
iiilo  the  right  and  kfl  ventricles;  (iii)  the  ecptomofthetnuiciu 
arterioiiu,  which  divides  the  Irtincas  ai-teriosus,  or  termiaal 
chiuiil>er  of  the  heart,  into  right  and  leO  hiilves.  Of  these  eoptA, 
ttie  lir»t  two  commence  to  form  on  the  fotirlh  day  ;  the  third,  or 
»eptnm  of  the  truocoa  arteno»a«,  doo«  not  arise  undl  the  6(Ui 
day. 

Concerning  the  relative  times  of  uppearunct!  of  tJie  iuter- 
auriouhu-  and  intvrv'entnoulu-  septa,  there  ii  souie  dincrepanc)- 
in  the  publiiihed  accounts.  It  is  commonly  Btut4><]  ihnt  th» 
iaterventriciilar  septum  developn  the  earlier  of  tho  two,  hut 
according  to  Masias  it  ia  the  intcraiincnlar  septum  which  ia 
the  fin*  ui  Ik-  t'oriiitfJ. 

The  tateraurienUr  teptam  appenn,  during  the  fonnh  day.  afi 
a  teptum  projecting  into  the  auricular  chamber  from  ilsanCerior 
and  dorsal  wall ;  it  lies  between  the   a{iertun>e   of  die  sinus 
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venoBos  and  tht-  pulmonary  voin.  ami  ends  in  a  free  posterior 
edp^e.  Of  tlif>  two  caritjcs  into  which  it;  partially  diWdes  tin- 
nuriciilur  chivnilHsr.  tlic  left  anrirlw  is  for  a  tim?  macb  tbo  larger 
of  Mw  twn. 

The  interventricular  ieptam  also  appears  daring  the  fourth 
(lay,  ua  a  cnwptfnl.ic  pftrtition  whicli  ftrisea  from  the  ventral  vroU 
of  tJio  iipev  of  thi-  vi'iilricuhir  cKniiilwr,  and  gradiuilly  extends 
ncmsa  towards  tho  <\{\vsti\  \vn\].  It  divides*  the  ventricular 
chftmber  soniewlmt  nbliquely,  and  as  ypt  ini|H-rftfCt]y,  into  a  left 
ani]  vtvrx  dorsiiUy  plwttl  ciivity,  mid  a  rlg\\i  nad  more  vemtmlly 
placed  one.  Thi>  position  of  the  septuiu  is  indicated  by  a  slij^bt 
groove  on  ihe  sHrtace  of  the  heart. 

On  the  fiftli  day  tli«  interventricular  eoptum  is  compli^ted, 
bat  the  interauricnlar  septum  remains  imp<>rfect  throughout  the 
vrhoiti  perioil  of  development,  iij>  to  the  i  iiue  of  batcbing. 

Tht-  septom  of  the  tmncas  art«riosiis  appeai-9  on  thia  day  as  » 
longitudinal  fold,  corresponding  exactly  to  the  similar  one  in  the 
frog.     The  fold  commences  nenr  the  distal  end  of  tbe  tmnona 
aru^riwiiis,  Wtween  tbe  fourtli  imH  filYli  [>tiii-»  »f  aortic  arcbes, 
and  gi-ows  bnckwanls  with  a  somewhat  apimi  course,  diridinf?  the 
CBvity  of  tJie  tmncns  arteriosus  into  right  and  left,  halves.     By 
tbe  end  of  the  6ftb  day  thi»  loiigitiKlitiitl   .«ept»ni  hait  j^wn 
bneic  to  the  ba<ie  of  the  truncuR  artt>r)oeu£,  and  now  meets  wiUi 
tbe  up{>er  edge  of  the  iiitrnwitricnlar  septum  and  fnses  with; 
this.     The  effect  of  tbi*  fueion  is  that  the  nj^bt  ventricle  noWi 
communicates  with  the  right  dirision  of  the  truncus  artertoeas,( 
and  tbruugb  this  with  the  hindmost  or  fifth  pair  of  aortic  nrohecj 
alon«*;  while  the  left   wntride  oommanicatee,  through  tho  Ic 
division  of  tbe  truncns  arteriosus,  with  tho  ant*.-rior  pairs  of 
nortic  arches,  but  no  lougrr  with  the  fifth  or  hindmost  pair. 

BeR)n>  thi'  completion  of  the  s&ptojn  of  tbe  tnukons arteriosus' 
ibne  eemilnnar  valras  ai«  farmed  at  the  base  of  each  of  tho 
dirisious  of  the   tmncas  arteriosus,  between  tbeee   and    thl 
TeiitricUM. 


During  the  sixth  day  tbe  shape  of  tbe  bMH  as  a 

■pproachea  niacb  more  cloeely  to  that  of  tbe  adult ;  the  apax 
tho  heart  becomes  noiv  pointed,  and  tbe  aoricolar  app^j 
moco  prominent. 
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Up  to  about  the  twelfth  day  Uie  intern uriculnr  septum 
remains  very  imperTect,  am)  there  is  freecointuanication  between 
tlio  two  Anriclo^  rhmugh  a  Ifti-ge  aperture,  the  foramen  otkU. 
About  tlm  twflflli  day  this  comfiuniicat ion  nrirrown  coniiidi^rably. 

On  tlie  nxteenth  day  t)ie  Eastaohian  valve  is  fonned  as  n 
fold  prcjocting  into  the  right  auricle,  betweenllieopeiiingBof  the 
portirior  venn  cuva  niut  the  rig'ht  aotcrior  vi<nn  cava.  Up  to 
tliis  time  the  hlood  from  botli  these  vessels  has  passwd  from  the 
ri^t  auricle,  throuph  thefornmen  ovale,  iuto  the  left  auricle  nnd 
«0  to  thci  lof^  venti-icle.  'Die  efleot  of  tht>  Eastochtaii  valvu  is  to 
direct  tile  blooi]  from  tho  right  anterior  venn  cava  into  the 
right  ventricle,  whiW  *till  nllo^'iri)^  the  blood  from  the  posterior 
vena  cava  to  pass  through  the  foramen  ovate  into  the  left 
nuricle.  From  this  time  tho  two  auricIeB  are  nboot  eijunl  in 
siiie. 

Shorllv  liefure  hatching;,  llie  foramen  ovale  b&comea partially 
blocked  up  by  ft  tnombmtiouB,  \-alvtvlike  fold;  the  completion 
of  thi-i  stoppage  iaefiected  ehnrtly  after  the  time  of  hatchiuf;, 
from  wliicli  time  tJio  structure  of  the  heart  is  pmcticiilly  that  of 
the  adult  bird. 

The  tbick«ning  of  the  ventricular  wall,  irhicli  'a  a  marked 
feature  of  the  later  stngee  of  development,  is  effected  by  inwarrlly 
project iiijif  ridgtti  of  th©  muKular  wall,  which  ultimately  fgrm  a 
^H^ystem   of  annstomosiDg  muscular  trabw;titit',  linom  vhich,  by 
^^irthc'r  thickening,  the  oolumuiD  cnrarw  and  muwult  iwpillanw 
are  d'^vc  loped. 

The  thickening  of  tho  wall  of  the  auricles  is  ofl«ct«d  in 
similar  fashion,  but  is  nut  carried  to  so  gn*Bt  an  extent. 

The  wall  iirUiBtruncusaiterioaua  thickens  by  simple  incri;ai«e 
in  the  thickno^^  of  the  moiCuUr  and  other  layers  composing  it. 

3.  The  Arteries. 

a.  The  Aortic  Archn.    The  truncaa  Arteriosus  divides  right 

id  letl.  us  in  the  frn^'.  into  the  aortic  arches,  vhicti  nni  rouiid 

16  aides  of  the  phatynx  to  its  dorsal  surfucv;  here  they  open 

into  the  dont»l  aorta-,  by  which  the  blood  is  can'ied  all  over  tlie 

body  of  tlie  embrj-o,  as  well  ait  to  the  yolk-sac  and  the  alhuitoiB 

(f/  Figs.  113  and"  128). 

The  aortic  arclies  of  the  diiclc  are  cleve1o|)ed  in  order,  from 
before  backwards.    The  first,  or  most  anterior  t*'^  (^'^g-  '  27,  4i), 
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is  formed  earl;  on  the  second  day,  and  ties  opposite  the  ante- 
rior end  of  the  fore-gut.  Th«  rvmaining  arches  are  fbrtned  in 
succession  behind  the  first  pair. 

By  thp  end  of  tlie  eeoond  day  a  sooond  pair  is  pivs^nt,  And 
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Ptil.  ISH. — A  (li«f(Tunmalic  nfraro  sliowinv  tl>e  nnan^rvtis^nt  of  Iba  blood*] 
Twwl^  In  a  Chick  Bmhrvfi  at  ilie  end  of  tbclift,hdnj»f  Incubation.  TlMn 
anmiou  ba*  been  lemoVcd,  und  tbc  Titvllise  rouds  oat  riion  a  Ullle ' 
dlitanoe  from  tlic  embrii}.     x  12. 

A.<lw«li>>nii.  a.I.A.1.  At.  "ilrlJourtb.kixlflhLuutleuctwar  UwitghtiU^ 
Irlnc  lu  Uw  8nc,  Hoaiid.  tri')  ■  M  r^  tnnrMtl  aivkai  tMIMUvMr.  AA.  •IbuMIe  w««y. 
ABlliullMr  ■ftai;.  AC,i^-'"'-[<i  ir.fn.  AH-amlil  ■nnT.iIi*  t>nuliial  porUun  at 
Uuxlnfml  WTML  AliJtnsunl 'fTT'  AP.  doUimmt  tv(<T-  AT.  TtMlinr  Nrtoj. 
SI.  xKlUnfy  nidtliv  UAi '^>h'ti' 111'"-!!-.  BB, •tnui wbihiiu.  BXtn>De«*«niTrl"u>. 
BT.  ticM«*nl(tal>.,  tA.  >.liaiiuii>.  V A.  tUimliile  wJu.  VS-uiMna  ni>ltu>l  vdn. 
VO  IHMvlur  csf-lluul  •rfii.  V3>.  Cm  ii'ilnii  Tdu.  W.  nmuu  Teiu>«u.  TS.  ■flmW  ] 
hcptUa  k™^.  VL  i»«»fl<iT  Ten*  «•*».  VJ,  jufOlM  nJii.  VO,  ••nwit  I 
<i«Bt    ITT,  rtti-lttiir  idii. 

by  the  cominencenieiit  of  tlie  third  day  a  tliinl  pair  appi-Ara  still 
further  back  (Pig.  11.1  as). 

On  tiie  establiithment  of  the  rieceral  cleAe  and  arclieef  the 
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aortic  arches  wquire  detinite  relaHons  with  tlw  laU«r ;  the  lint, 
or  most  anterior  aortic  arch  of  e&cli  eide  (Figs.  113  and  12-1,  ai), 
lying  in  the  firet  or  mandibul&r  arch ;  the  second  sortie  arch, 
A2,  Ijing  in  the  hyoid  urcl) ;  and  tbo  third  Aorti<:!  nrch,  as,  in 
the  first  bmnclual  arcb.  During  Lite  fourlti  <la^',  fuurUi  and 
Rfth  pairs  of  aortic  nrcheti  (Plfir.  128,  A4,  Aft)  appear  in  the 
iwcond  and  thini  br&nctiial  archM. 

'I'herc  are  tliun  Altogether  fire  pairs  of  aortic  arches  in  the 
chick,  correepoiidiiig  to  tho  five  anterior  of  tho  gix  pairi*  prvwnt 
in  tli«>  tadpole.  Thetto  arcluw,  however,  dlfler  from  thofle  of  the 
tadpcJs  inaamudi  as  (i)  they  never  liave  any  gillH  developed  in 
connection  with  them;  (ii)  they  fonn  from  their  firet  nppearance 
dirt>ci'  oimncclioitis  bi^tween  tliu  trunota  artprioi>us  and  tht-axirta, 
there  being  no  iie)iinration  into  afferent  and  effHrent  vwsetB.  A 
furtJier  ditten-nce  Vies  in  tbd  fact  that  the  aortic  nrchefl  in  the 
mnndtbular  and  hyoid  arches  are  complete  ill  the  chick,  whilo 
Ihey  never  become  so  in  tlw  tadpoW. 

The  condition  of  the  aortic  arches  iu  the  chick  iacunijnmble 
to  that  of  a  frog  ai^vr  the  metamorplioflis ;  but  it  is  at  |iivei>»t 
n  matter  of  doubt  whether  tliis  indicat«.'«  an  entire  omteaion  of 
the  earlier  stages  in  tbe  chick,  owing  to  the  abaenoe  of  gilis ; 
or  vrbetlter  the  contJnaous  aortic  arch  from  heart  to  aorta  does 
not  ratlier  rHpreeenl  ii  still  earlier  anceatml  condition,  prior  to 
ihe  acquisition  of  giUa. 


Kivm  tJio  five  puin«  of  aortiv  arclieK  of  lh«  embryo  the  adalt 
arterial  ayxteni  i»  derived,  in  tlie  foUowring  manner. 

During  the  fourth,  ur  fourth  and  tiflh  days,  the  first  on* 
mandilmlar,  and  the  second  or  hyoidcan  aortic  arches  disappear 
along  the  middle  portions  of  their  lengtlui ;  (heir  ventral  and 
doml  portions  |M>rsuit.  the  ventral  [Kirtious  rt-nmtiiiDg  of  cum- 
pantivi-ly  Bumll  size  a.«  tbe  liu^val  or  maniUbilUr  artsriss 
(F!g.  128,  al);  while  tlie  dorsal  portion,  which  is  much  btrger, 
axteods  forwards  into  the  head  as  the  earotid  artary  (Fig.  128. 
AC),  which  divides  into  internal  and  exb-rnal  carotid  arteries. 
Mipplyiag  the  Inain  and  (aix  respectively. 

By  tlie  end  of  the  fiflh  day  the  vontTicular  septum  i«  com- 
pleted, aud  has  fused  witli  the  loDgitudituil  or  spiral  septum  of 
tbo  Imncna  arteriuaoa  (c/.  p.  302).  This  loiter  septoni  arises, 
in  frmtf  botweeD  tbe  roots  of  the  fourth  and  Bdh  {wirs  of  aortic 
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«roh«e.  and  diTid^a  the  truncna  artortoaus  in  saoti  manner  Uiat 
tie  ripht  division  of  tha  trunciis  artcriosas,  and  consequently 
the  ri^ht  rcntrick,  from  wbich  this  diWsion  iirisw.  wnds  all  it« 
blood  into  tin-  fifili  pnir  of  aortic  arches;  while  tjie  left  Ttntricle 
and  lef^  divi-ijon  ofthf)  truncus  artariusiu  coDdnct  blood  to  the 
third  and  fourth  pairs  of  arches.  It  followis  from  tbia  that  thr 
supplv  of  blood  to  the  head  and  iinterior  port  of  the  bodj-  » 
derived  from  the  left  ventricle;  while  the  right  ventricle  aappHew 
the  whole  of  ttie  body  behind  tlie  heart.,  na  welt  as  Uic  ynlk-««c 
and  allantols. 

AlMnt  the  seveotlt  day  the  two  dirutions  of  the  trimats 
arteriomiK  auparatt^  completely  from  each  other  at  their  bases; 
the  ri^ht  branch,  or  pulmonary  tniuk,  remainini;  in  connedtim 
witli  the  right  v<Mitriclp  and  the  fifth  pair  of  aortic  archw* ;  and 
the  l«ft  branch,  or  Rysteinio  trunk,  with  the  left  wntricle  and 
the  third  and  fourtli  pairs  of  aortic  arches. 

The  part  of  the  aorta  connecting  the  dorstal  ends  of  thr*  third 
and  fourth  paint  nf  aortic  archea  (Fig.  128)  beoomos  very  Hleoder, 
and  is  fitifdly  oblitentted  altogether,  while  thti  branch  of  the 
trunciis  nrtcriosus  from  which  the  third  aortic  aivli  arises  oIod- 
gatea  very  considerably,  and  ciuries  thia  arch  forwardft  ttome 
difitanco  in  front  of  the  next,  or  fourl  h  aortic  arch-  Tin-  sobohiriaii 
UtarieB.  aujiplviu)^  the  fnro-limbs,  arisd  from  the  ventral  -'nds  of 
the  third  iiort.ie  urehee,  durinfr  the  thirti  day;  they  grow  hack- 
warda,  lying  venlral  to  thn  othor  vessels,  and  reach  the  limbs 
dunii(f  tho  fninth  or  fifth  day. 

The  fourth  pair  of  aortic  arches  ia,  from  the  liftii  day 
onwards,  much  the  largest  of  the  three  pi^rsistent  pairs.  The 
arches  of  tlie  two  sides  of  the  body  are  «t  lirst  of  ei^ual  size ;  bat 
the  arcli  of  the  rifj^ht  aide  soon  hecomea  much  larger  than  that 
of  the  left  Htdo;  and  the  latter  ultimately  becomes  oblitwratt^ 
along  the  f^i-eater  part  of  :t«  length,  while  the  arch  «f  the  right 
Eide  pGrniHts  na  fhi'  ftpch  of  the  norta  in  the  adult  hiral. 

Thp  pulmonary  arteries  appear,  in  the  wails  of  the  lungs, 
about  th-  middle  ofilu-  tliir.l  day,  b«-fore  tin-  two  hinder  pairs 
of  aortic!  nifhea  are  forrTied.  On  the  wppcamnce  of  the  fifth  pair 
f>i  aortic  arches  tiw  imlmonary  arteries  (Fig.  128,  KV)  Isecome 
connected  with  their  ventral  enih!.  Ea<;h  fifth  aortic  arch  thus 
consista  of  two  pwt*  :  a  proxinul  part  running  irom  the  irtincus 
luteriosus.  i,«.  from  the  right  ventricle,  to  the  lang;  and  a  die 
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or  dorsal  part  whtch  connects  tJic  root  of  Uic  |>ulnionaiy  arten- 
with  the  aorta.  'ITiU  dintal  jwriiou  is  Hpofcpn  of  lut  the  dactn* 
BotaUi,  or  dsctus  arteriosoi ;  and  »o  long  08  it  n-maiDM  open  Ibe 
blood  fyom  the  right  v<'tilride  can  avoid  the  lung  circuhitioQ, 
•nd  p«tB8  to  the  noria  direct.  Shoiily  &ftcr  the  hat<.'hiD(f  of  tb«' 
chick,  hom-vcr,  the  ducttis  Rotalli  shrirrlH  up,  nnd  its  carlty 
liecomos  ohlitnmtMl ;  from  thin  tiim-  iht^  RftJi  nrch  cotninim!- 
eates  with  th«  lang'i  alone,  and  all  tht-  hlo-xl  from  tli«  rigUi 
vmtricle  niiist  paw  thronj^h  the  palnionary  cajiilimiM. 


b.  The  Dorcal  Aorta  and  their  bruiehes.  Tli»  two  tloraal 
aorttu  are  at  lirst  iH^|>:trat<>  iiK'n^;  their  whole  length,  running 
pftmllcfl  to  the  iiotochord  ntid  dome  little  distanca  frcitu  the 
median  plane.  Each  aorta  is.  from  tho  fint,  oonliDUons  along  its 
nntcr  side  nt  ievtu-al  places  with  the  vascular  reticulum  of  the 
tUTPa  pplluriria  and  arra  raficulcxMi.  By  conlr&i'Rnrp  of  the  vesaalx 
nf  tlii.^  n-ticiiluiii  Hi  one  plact*,  with  ahrinkiug  and  disnppt'oranoe 
itt  thf^  reticulum  in  front  of  and  behind  this  8|Hit,  tho  dHintln 
vitelline  artery  of  each  side  is  fornu^il  (Figs.  113  and  128, av): 
this  19  a  lai^'c  ve-srel  niDniiig  oulnards  from  the  norta,  between 
the  e  planch  nopi  en  He  mcttobtast  and  the  bypuUast,  and  paaHinff  out 
beyond  lh»  omhni-o  t^i  npen  diiitally  into  the  vascular  m>ticnluDi 
of  the  ur(4i  vascnl(»a. 

Before  the  end  of  the  wcond  day  the  two  aortee  have  met  nnd 
fhud  for  a  itliort  distance  along  the  midtltc  )uirt  nf  thiMr  (!(vnr9e, 
Kparatiog  again  towards  their  hinder  cods,  and  giving  off  at 
tttterrals  along  their  length  snmll  arteries  to  empply  Hw  vnrioua 
parts  of  tlie  hculy. 

Ry  lli<>  fourth  day  the  nnion  of  the  two  aorta?  hnii  exteodixl 
much  furllier  beck  than  befon*,  and  involves  the  iiart  fVotn  which 
the  vitelline  arteries  an»«.  The  two  vitelline  arteries  have 
themselroB  coalt>sced  at  titeir  proximal  endti,  and  now  spring 
rrom  the  ttorta  us  a  single  trunk,  which  dividnN  titmost  at  oi>oe 
into  t))o  right  and  left  vitelline  artenes,  of  whirli  tli^*  lel\  one  ia 
moch  the  lAr>rer. 

Thfl  alUntoic.  or,  u  they  are  of^t>n  called,  ninbilical  arteries 
fFIg.  123,  aa),  arise  from  the  iiort»  jnat  beyond  their  [Mint  of 
bifumlioii,  and  run  outwards  totheallantois.  The  tefV  allaot^uc 
artery  is  usually  tht*  larger  of  the  two  fmnt  the  first,  and  bMcgnes 
ultimately  tbo  koIu  oqc.  tht*  right  allanloic  urtcr\*  disappeaiiug. 
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i.  Tb»  Veins. 

Tbe  cbief  peculiarities  in  the  veins  of  thi*  chick,  as  distia- 
ffuished  from  thoee  of  the  todpole.  conBiBt  in  the  large  siae  and 
givat  i[iii)ort»Tic<i  of  tbi^  vitelline  Hiid  alUnt^ic  veins,  which  return 
to  tht?  tmiliryo  tht-  blood  from  the  yolk-sao  and  ihe  alhntois 
reBpectirely  ;  the  Mood  of  tht-  vitelline  veins  being  laden  with 
food  iniittor  nbaorb'-d  from  tlm  yi>ik.  wliilc  that  of  tho  allantoic 
veiuR  is  charged  with  osygeu,  mid  fr(>ed  from  it«  exc«8i;  of 
carbonic  ncid. 

Tha  blood  is  roturni-d  to  the  hcnrt  by  three  chi«f  Vftus, 
in  the  todpolft :  (i)  and  (ii)  the  right  and  left  Cavieriim  veins  (tljf. 
128,  to)',  which  return  blood  fram  the  head  and  body  of  the 
embryo,  itnd  which  afterwardR  liecoioe  the  right  ftnd  Iftft  aatfrior 
Ttnn  c&vs :  niid  (iii)  thv  meatus  venoBua  (i'lg.  \'2S,  \e),  h 
tnediaii  posUrior  rein,  which  it!  (iirined  in  tbo  first  instaiiw  by 
thii  union  of  thi^  right  and  left  vitrllino  veins,  vv ;  is  joined  a 
littlo  latter  by  the  allantoic  veins,  va  ;  and,  later  »t!II,  receives  in 
addition  tli«?  posterior  vt-na  cava,  \i.  At  the  time  of  hatching 
of  the  chick  the  vittflUnc  Dnd  allantoic  veins  disappear,  or 
bocomi-  com  pirn  tii'ely  iimignificaiit  ve(i«el]4,»ndtliupost«riorTMU 
cava  ncqnirea  its  adalt  relations.  ' 

a.  The  System  of  the  Anterior  TenEe  Cavn.  I 

Towanla  the  end  of  the  second  day  a  pair  r>r  longitudinal 
vMfl^.  tlie  anterior  cardinal  veins  (••/.  Vip.  I'iS,  vb),  arv  formed 
in  the  mesiiblnfit  of  tlii'  siilcs  of  i,bc  hoad,  slightly  ventral  to  iUl* 
Itfvel  of  the  notochoi'd.  They  colWt  the  blotid  from  thf  sides  of 
the  head,  ami  CJirry  it  backwaids, 

A  similar  ]}air  of  veRsels,  the  posterior  cardinal  veins,  vc, 
appear  about  the  same  lime  in  the  trunk  of  the  embiyo.  Thej 
retnm  the  blood  fi-oni  the  hinder  part,  of  the  body,  and  more 
especially  from  the  Woitliau  bodies  or  tnilji^'onic  kidneys, as  soon 
as  these  are  formed. 

Tho  anterior  nn<l  ponterlor  catdinal  veins  of  each  side  unitOkJ 
opposite  the  heart,  to  form  a  ulion  transverse  vessel,  the  Cuvieriaa" 
vein  (Fig.  128,  vd),  eomelimc^  culled  tho  dnctiis  Cuvieri,  which 
o[>enH  into  the  sinua  venosas,  ks,  or  most  poi^lorior  division  of 
the  heart. 

Throughout  the  earlier  stagea  of  de\'elopment  the  two 
cardinal  veins  return  the  blood  from  practJcuHy  the  whole  of 
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Uir  biMly  of  the  pmbr)'o.  excrptinf?  ihe  nlimfntAiy  canal  and  Iho 
liver.  Tli«  aiit«;rior  cunliual  veins  persist  tlirougbout  life  as 
the  jugalar  V4'itm,  ant]  art"  joined  at  au  eariy  st/Lg^  by  p«ct(«nl 
reins  from  tlie  winjf,  siid  verU'bral  veins  from  the  heail  nnd  iipcJc. 
The  posterior  cardinal  voios  rcmuin  of  largv  sum  «o  long  as  the 
Woldiiut  bodies  are  in  ftiuctional  activity;  but  when  tbe«e 
liegin  to  iliininifili  in  tiize.  on  thi<  tijipt^Araaw  of  tlic  p^inanrat 
kidnevii.  tti^'  posterior  cardinal  veins  also  slirink  up,  and  nllii- 
niuti-ly  (li8»p|>t*ur. 

The  Cavieriftn  veins,  as  airily  noticed,  ptrsast  and  becotnu 
the  anterior  veniB  cKva)  uf  the  iiduU  bird. 

b.  Tbe  Bytteoi  of  the  Posterior  Tena  Cava. 

The  mestui  venoius.  Tlie  ht-iirt.  n.s  n]r«at]y  described,  in 
fonued  by  thu  union  of  thf  right  and  liR  vitfUine  viiins  (t'ig. 
127,  vv),  wbtch  lie  along  the  edge  of  lli«  fold  of  tbe  spbuichno- 
plenre,  marking  the  posterior  limit  of  t  he  fore-^t  (ef.  Fig.  1 1 2). 

The  vitelline  veins  remain  at  the  edge  of  the  splanchmv 
plonHc  fold,  and  consoqnently  travel  backwards  with  this  fold  n^ 
the  embrj'o  beconit-s  more  detiniudy  eonslrictt^d  froni  the  yolk- 
sac.  TliLS  shining  buckwards  of  tjie  point  of  meeting  of  the 
right  and  htk  vitelline  veiae  cou9r>:>,  first,  a  leugtbenbg  uf  the 
b<«rt;  and  thvii,  nfti-r  the  brart  is  definitely  eBtablished,  the 
formnliiin  of  a  median  vit»]linf  win  lying  ]miiteriorly  to  tbi» 
heart.,  betweeo  tbe  binder  end  of  tlie  heart  aad  the  |>oiJit  of 
meeting  of  thp  two  vitelliue  veins. 

'I'htg  median  vitelline  vein  maybe  dividi>d  into  an  anterior 
part  or  aiaiu  Teaoras  (Pig.  128,  Rs),  which  really  fomis  tlie 
pOHl4.Tinr  ehiiniber  of  tlif  heart  ami  recwives  tlte  Cuvjerian  veins; 
and  a  posN-rior  pArr,  or  iBMtat  venoaTU,  VT. 


The  neatni  reaotm  boy.  from  the  tiivt.  very  dOM  relatione 
with  thi>  liver.  The  t.wn  primary  Uver  divrrticala  lie  one  on 
each  side  of  it.  and  oi*  the  livor  incr«a«>fi  in  size  it  completely 
BtnTDumls  the  vein.  Blood-rcseelB  appi'nr  in  the  sufastonc*  of 
tlie  liv-T  nuwa,  and  soon  ooqninr  up>'niiig<t  into  the  raeabia 
vennmis.  At  firat  theae  rea^ids  ar<*  very  irregulariy  dispiMeil, 
but  hy  about  the  fif^h  day  a  definite  armngeinent  can  tie  made 
out.  The  meatus  venoeitsoD  entering  the  liver  gives  off  affarait 
hepatic  veaieU  {Vig.  128,  vo).  vrhieh  open  into  the  capillary 
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plexiLt  of  the  liv^r  xnbstance  ;  from  this,  plexus,  offiBrsBt  hepatio 
reftteU  (Fig.  128,  vti)  wiae,  wkicb  open  intotlie  meatus  veiiosu* 
shortly  before  thin  eiiierges  from  t)ie  nnterlor  end  of  the  liver. 
Thus,  while  the  tn&'in  stream  of  blood,  entering  thp  liver  from 
the  vih-UiDc  vi>iai9,  possee  along  the  mcatas  wnosus  direot  to 
the  heart,  a  ttraall  pnrt  of  it  in  diverted  through  tlie  capillary 
systi'tn  of  tlio  Vwer,  joining  (hi^  ucatus  vojiosna  af^ain  fnith«r 
un  in  itti  court^c. 

Till-  )i{irt  of  Hid  mi-Atu«  venoBUS  in  the  stibrtiiiice  of  the  lirer, 
hetireen  tlie  oitenings  of  the  atft-rent  nnd  cfleront  hepatic  vessels. 
Is  usnuUy  spokt-u  of  m  the  duotas  venosat. 

Tlu-  ritellinn  veins  lettim  to  the  embryo  ttic  blood  from  iJw* 
capillar)-  uetwoik  of  thf  vajifulnrarea  of  the  blasi-oderm  (cf.  Fig, 
i>i>,  A\).  From  iho  givnt<*i'  part  of  the  urea  vosculOiia  lb«  blood 
ia  rotunied  direc-tly  by  the  right  or  left  vitelline'  veins ;  but  from 
the  mop©  peripheral  pnit  of  tJie  nrca  the  Wot^tl  is  enllected  by  r 
circular  luarginnl  or  trrQiinal  vrin,  which  ninK  nmml  the  outer 
edge  of  the  uren  vn:ictLla«a,  and  ffoni  which  anterior  niid  poate* 
rior  veitiJ!  carry  the  blood  to  the  vitellint?  voina. 

Of  the  two  vitelline  veips.  the  left  is,  almost  from  tlie  first. 
Ivgcr  thna  the  right,  Aftc-r  thu  vmLinrci  huo  turnvd  eo  as  to  lie 
on  ita  left  eide,  the  difference  tx-tn-eeii  the  two  vetnn  beconieti 
mors  pronounced,  and  ultimately  the  right  uiie  disjippeant. 

The  allantoic  veins.  Ae  eoon  &§  the  allantois  is  deiinitely 
formed,  on  the  fnurtli  day.  two  allantoic  veins  are  developed,  re- 
luruing  the  blood  from  it  to  the  embryo.  Tliewi  unite  on  enttring 
the  embryo  tofonn  a  single  allantoic  vein,  whii-lirun9roi-war(l.-«  in 
thesjiknchnopteiireof  tliO  left  side  to  join  the  left  vitelline  vein. 
With  gniwtli  of  the  alhintois,  tlieallantoic  vessalsincreaae  givally 
in  size,  but  tlieirrrhilidtia  n*muin  practicolly  the  sunie.  In  thi- 
earlier  stag«^'s  (l"'ig.  1-S),  the  vitelline  vein  ia  much  larger  tlrnij 
the  allantoic ;  but  later  on,  m  the  yolk  becomes  einuller  throagli 
abvorptioii  of  its  contentii.  while  the  allantoiH  contiiiui'3  to  in- 
crease, the  propoi+ioiis  are  rovi-rsed,  and  the  nliaiiU>ic  vein 
b«cotiies  the  larger  of  the  two. 

Tlie  meMnterio  vein  is  formed  by  the  nuiou  of  the  veins 
which  return  the  blood  from  tlie  inte^itine  of  tlio  embiyo.     It 
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appe&n  dnring  the  foorth  day,  and  is  at  Bret  Terr  small,  but 
it  becomes  lai^r  and  more  important  as  the  alimentary  canal 
lengthens. 

The  mesenteric  vein  joins  the  vitelline  vein  just  before  this 
reaches  the  liver.  The  blood  entering  the  liver  by  the  meatus 
venosne  is  thus  derived  from  three  eoanres:  (i)  the  vitelline  vein 
returns  blood,  highly  charged  with  natritioua  matter,  from  the 
yolk-sac ;  (ii)  the  allantoic  vein  returns  blood  from  the  allan- 
tois,  rich  in  oxygen  and  freed  from  carbonic  acid ;  (iii)  the 
mesenteric  vein  brings  venous  blond  from  the  walls  of  the  ali- 
mentarj-  canal  of  th*-  embr\-o.  Of  thcur,  the  vitelline  and  allantoic 
veins  are,  during  the  period  of  incubation,  much  larger  than  the 
meeentmc  vein  :  but  inasmuch  as  the  two  former  vessels  return 
blood  from  parti<  outside  the  embrj'o,  they  become  obliterated  at 
the  time  of  hatching;  while  the  mesenteric  vein,  which  alone 
persists  of  the  three,  retains  its  rt-lations  with  the  liver,  and 
becomes  the  hepntic  portal  vein  of  the  adult  bird. 

The  poiterior  vena  cara  ujipears  about  the  fourth  day  (cf. 
Fig.  128,  vi).  It  arises  in  the  mesoblast  between  the  hinder 
ends  of  the  Wolffian  lx>dies,  and  runs  forwards  in  the  median 
line,  ventral  to  thi-  aorta;  at  its  anterior  end  it  joins  the  meatus 
venoBus,  as  this  emerges  from  the  liver,  and  just  l»efore  it  reaches 
the  heart. 

A.')  the  permanent  kidneys  become  detiiiitely  established,  the 
posterior  vena  cava  acquires  siiecini  relations  with  them,  and 
increases  in  size  as  they  develop.  At  first  (Pig.  128),  the  pos- 
terior Vena  cava  appears  as  a  comparatively  unimportant  tribu- 
tary of  the  meatus  venoaus,  but  with  growth  of  the  embryo,  and 
especially  with  the  enlargement  of  the  hind  limbs,  it  steadily 
increase's  in  sixe,  and  towards  the  close  of  incubation  becomes 
the  larger  vessel  of  the  two. 

AftiT  the  {posterior  vena  cava  has  attained  some  size  the 
hepatic  efferfnt  veins  shift  so  as  to  open  into  it  directly,  instead 
of  into  the  ini'atn^  venosu^,  and  it  is  from  this  time  that  the 
vena  cava  Ix-comcs  a  larger  and  moii-  important  vessel  than  the 
meatus  vniosus. 

■i.  The  Course  of  the  Gircalattoo. 

It  will  render  the  description  of  the  development  of  the 
blood-vessels  easier  to  follow  if  a  connected  account  is  given  of 
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tbu  count-  of  tliei  circalaltnii  on  the  tliird  day,  and  during  t]i« 
later  stngeft  of  incubation. 

a.  Ihecirculatwnatthe  «ndi)f  tiicthirdday  (Pig.  113).  The 
heart, at  tlic  L-miof'tbe  ihinl  Jiiv,  is  a. single  twisted tabe, slightly 
constricted  at  interculii  which  mark  thu  boiindario^  of  the  sacoes- 
»iTe  chaitibere,  hut  n-ith  iin  tTOCP  of  a  diviKioii  into  right  and  1«A 
sides.  The  blood  chUtk  the  hinder  "'ud  of  tht?  heart  hy  tlie  twu 
vitelline  veins,  and  poseea  out.  in  front  through  the  trancus 
arteriosus ;  this  at  once  splits  into  riprht  and  left  hraiiciiea.  each 
of  whicHi  again  divides  into  the  three  anterior  tiortic  archw,  which 
encircle  the  pharynx  and  ofven  dorsally  into  the  noitae.  The  two 
aarttP  am  widely  nejiarate  in  the  he«d,  hut  appmach  each  other 
further  hack,  and  are  fused  for  a  diort  distance  in  the  body. 
Behind  tliis  point  they  soparat«  again,  and  each  aorta  gives 
oft'  a  large  vit<^lline  artery  (Fig.  llii,  x\),  which,  passing  injt 
hfynnd  the  fiiibryo,  opeus  into  the  capillary  network  of  the 
area  vasculoaa ;  from  this  network  the  blood  is  collected  again 
by  vessels  which  unit©  to  form  the  vitelline  veins,  and  w 
returns  once  more  to  the  heart. 

The  great  purpoae  of  the  cireuliitiou  nr  this  stage  ia  to 
insare  the  absorption  of  nutriment  from  the  yoik-nfic,  and  its 
conveyance  along  definite  cliannek  to  the  embryo.  The 
vascular  »y»t4.*in  of  the  embryo  tteelf  is  as  yet  only  imperfectly 
formed,  and  there  ia  no  special  re«pimtory  orgim. 

b.  The  circulation  during  the  latter  half  of  the  period  of  incuha- 
tioB.  The  htTttrt  ia  now  fully  fonui'd.  The  rinuK  vononiis  ]tius  be- 
come abaorbed  into  tlit>  light  lluric'Il^  of  which  it  now  forms  part: 
the  anriciilaj  septum  is  still  incomplete,  the  lai-ge  foramen  ovale 
allowing  blood  to  jwiss  frei*ly  from  tho  right  auricle  to  the  left 
aoriole.  The  ventricatar  septum  is  romplete  ;  and  the  truncu» 
arteiiosus  h  divided  into  two  entii'ely  aepaiale  viMsela,  of 
which  one,  the  pnlmoiiary  trunk,  arises  from  the  right  ventricle, 
and  the  other  or  syateniio  trunk  from  the  loft  ventricle. 

Three  pairs  of  aortic  arches  are  present,  bat  tJiest'  are  tJia 
third,  fourth,  and  fifth  of  the  complete  serieti,  the  first  lUid 
woond  having  <li»nppearHd  along  the  greater  part  of  their  length. 
The  systemic  trunk,  arising  from  the  left  ventncle,  leads  to  the 
tliird  and  fourth  pairs  of  aortic  arches,  and  through  thcM  to  the 
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h«iul  mid  foi^-liiubs.  II16  ptilmouaiy  trunk,  arisiitg  fmm  tJiv 
nght  vetitriclo,  Wds  to  tlu-  liftli  pair  itf  norlic  airhe^  trbicli  aru 
directly  contiiiuous  witb  tJic  dnreal  aorta  of  the  body  of  the 
embryo,  an^  from  vrbicli  iiUu  T,]ie  Rtn&ll  pnlmoti&ry  aTt«nes  hw. 
From  thi-iK-irtA  .1  vitellini^  ai-ti?iy  carries  blood  to  th»  yolk-«u; 
and  tt  still  larger  allantoic  artery  runs  froni  the  aorta  to  bli* 
allantois. 

He  Uood  ID  brought  back  totiie  heart  by  tbre«  grvtii  vAins: — 
the  rif^t  and  lofr  imterior  venee  cava;,  and  the  posterior  vena  cava. 
The  right  »nd  lot)'  anterior  veiiae  cava)  return  veiioui^  blood  from 
the  head  and  fon>-limbs  of  the  embryo.  Thf  posterior  veiia  cava 
retumg  blood  from  the  hinder  part  of  the  boily,  the  hind  limlw. 
and  tho  kidneys  ;  just  before  j-euchiug  the  heart  it  is  joined  bj' 
Htv  dactu!^  vtnosus,  which  returns  Uie  blood  from  tJie  yolk-nac, 
(roni  the  allantois.  and  from  the  alinittntary  cnnal  of  the  einbnro, 
by  the  viti-lliiie,  allantoic,  and  niewnteric  veins  resijet-tively.  Hie 
blood  iu  the vitellino vein  is  arterial  a»  i-egards  nutriunt  matter; 
Uw  blood  in  the  nlluntoic  vein  la  arterial  as  regnnls  ittt  giun«uD 
coropononU;  and  t)if  blood  in  the  inesoiilcric  mn  is  venoua. 
The  blood  in  the  posterior  vena  cava  i»  venous  as  regards 
nutriment,  and  as  regards  gascoui;  components,  but,  having  jnet 
paased  throueh  tho  lcidnt>ys,  is  arterial  on  regnrds  froedoin  from 
oitrogenou^  cxcrrtory  uiattent. 

The  blood  broufifat  to  the  heart  by  the  ]K>8t6ri(v  vena  cava 
may  tberefoiv  )m>  spoken  of  as  arterial,  and  atanda  in  tbia 
rwpect  ill  mnrkeil  contrast  to  th(>  venous  bhjod  liruught  to  the 
heart  by  tlic  right  and  W(l  anterior  veiuv  cava). 

All  tliree  rcn«j  cava?  open  into  the  right  anricle  i>f  the 
heart ;  but,  owing  to  the  position  and  dinvtion  of  tlie  o|)0])- 
ing.  and  to  the  EuBtachlan  raJvc,  the  arterial  blond  from  the 
poirterior  vena  cava  is  direct<-d  »t  onee  through  the  foramen 
ovali>  into  the  left  auricle,  white  the  venous  blood  from  the  right 
and  left  anltrrior  vena*  caNw  remains  in  the  right  auricle.  The 
right  aaricle  is  thus  tilled  «ritb  venous  blood,  and  tbe  led  auricle 
with  arterial  blood. 

On  contraction  of  the  anricles,  the  blood  (hey  contain  w 
driveji  into  the  ventricles,  ao  tliat  the  right  ventricle  will  be 
filled  with  venous,  and  the  left  with  nrterial  blood, 

Tbe  left  ventricle  drives  it«  arterial  blood  along  the  systemic 
trunk,  nnd  Ihrongh  the  third  and  fourth  pairs  of  aortic  arcliea 
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to  tiie  head  And  rore-limbe  ;  wkil»  t1ie  rigbt  vtMitride  roreen  itit 
veooas  blootl  tlimugli  xbe  pulmnnftn'  trunk  and  lb<*  6fth  jsair  of 
aortic  Arches  into  the  dursal  uurtu,  &0111  ivliick  port  goes  to 
unpply  tbe  builj  unil  liiud  liitiW  of  tli«  ciiibryo,  and  \mrt,  in  the 
t^riierstagBBljyfur  ibe  largL-i-  pari,  pastwi^  out  iduiig  tlie  vitelline 
uud  Bllantoic  arteries  to  tlie  ;ci1k>sac  and  allanuiis,  whsre  It 
takvs  up  nutrimeut  and  oxygen. 

The  viiormoiigly  disproportionate  siae  of  the  liead  and  anterior 
part  of  the  embryo  and  the  stuitled  coiidlUou  of  thtt  hinder 
purt  (luring  clu-  earlier  etages  ai-e  to  be  aftchbed,  at  any  rate  in 
part,  to  this  arterial  eupply  uf  thu  atit-erinr  half  »«  controslod 
with  the  renniis  Rnpply  of  tlie  posterior  half  of  the  embryo. 

c.  The  chang'eB  la  the  circtdatioa  oa  hatching.  The  chonj 
which  occHr  in  the  blood-vessel »  nt  or  nbont  the  time  of  hatching 
of  the  chick  are  comparativi'iy  slight,  hut  sulfici-  to  conTfrt  tlic 
circuUliitii  into  tliat  of  ihe  adult  bird.  The  more  important  of 
these  changes  aro  the  fuUuwitiij : — 

(i)  Cloture  o£  tlie  duotiu  arteriosus  of  each  tide :  i.e.  obUte- 
raticiii  of  the  distal  pui-ts  of  tho  fifth  pair  of  aortic  arches,  beyond 
the  (mints  of  origin  of  tint  pidmonary  arteries  (ff.  Fig.  128,  A4)« 
The  ellt-ct  uf  this  obungu  iii  that  tlK^  blood  from  the  right  vitntricl^l 
can  no  l(iiig«>r  pasa  into  the  aorta,  but  is  sent  entirely,  throuj^h 
the  ptilmoD&ry  urtmes,  to  th?  lungs. 

(ii)  Obliteration  of  the  viteUlne  and  allantoic  vein*,  Tliis  i» 
n  necP)*8ari'  conseqiu-nce  of  the  complete  absorplion  i>f  fcliP  yolk- 
sac,  and  ths-L-aating  off  of  the  allantoi*.  Its  effect  is  to  reduce  the 
blooi]  Bupjily  of  the  liver  to  the  venous  blood  brought  by  the 
Tnt-scnteric  vein,  or,  as  it  may  now  ho  called,  the  hepatic  piirtal 
vtin. 


(iii)  Closure  of  the  ductus  venoBUS.  Tliit  effect  uf  thtn  chscgt* 
is  to  render  it  iniiio-ssihlv  for  the  blood  brought  to  the  liver  to 
poas  ^trai^ht  through  it  to  the  heart.  All  the  blood  entering  the 
liver  by  the  pivtal  win  nm.it  now  pn.ss  through  llm  cikpillnriee  of 
the  liver  in  order  to  get  to  th<.-  posterior  vena  cava,  and  so  to  the 
heart.  The  short  cut  by  n-tiich  the  liver  capillariti<i  could  piv- 
vionsly  be  avoided  I»  now  ictnpped. 
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(W)  C]o«ure  of  the  foramen  ovale.  Ttiii!  in  not  oontpleted 
DQtil  some  little  time  ui^cr  liiitoliiiig.  Ifit  i^ffi-ct  U  to  alMoIotAly 
prevent  the  passage  of  blood  from  the  right  to  thn  l«fl  auricte>. 
From  thi-  ttmi-  of  its  com|>1etioii,  the  lilotxl  brought  to  the  heart 
bj  all  throe  venee  cavie  Is  diecbarget)  iitto  the  right  auricle, 
and  pa^M  from  thU  into  tho  ri^ht  ventricle ;  whila  ibe  only 
blood  fiitri-iiig  thi^  lef>  ADricle  is  that  brought  to  it  ttoia  the 
tpiifiH  by  tJiu  j)ubtionnrv  vimhs. 

On  th«  cotiipletioTi  of  tbew  changi-s  the  circuUition  Iwcomca 
tbal  of  the  adult  birJ.  Tba  arterial  andveDoua  sli-eamaorblood 
art>  kept  quite  distinct,  and  th«  eo-calK-d  dotiblo  circulalion  is 
ooinpletcly  est«bli9be<i. 


UKVELOFMKNT  OK  THE  UUIKAEY  ORGANS. 

1 .  Q«neral  Acoooat. 

'I'hi-  iiiitiHty  urgtmi)  nf  tli«'  chick,  whilt-  agreeing  iti  tlimr 
general  relntiong  and  mudu  of  development  with  tho(u>  of  the 
frog,  yet  present  considerable  aiid  important  points  of  differ- 
ence, 

Tho  hnul  kidnrys,  whiefa  in  the  yuting  tadpole  are  of  lai^ 
MKe,  and  for  a  coiuidtfrablc  time  are  the  Kile  excretory  orgunit 
pmsi'ut,  nro  in  tbo  chick  <-3:trRinL'ly  rudimentary  atnictures, 
which  appear  lat^r  than  the  Wolffian  biiditv,  and  di»np|MBr 
KgaJD  almortt  si  once. 

The  Wolffian  b(Klie.^  cf  the  chicle  are  developed  early :  tliey 
MXm  atliuii  u  Im-ge  :>iine,  itnd  form  tlx- fiinctioaalexcnrtory  organs 
during  embryonic  life.  Shortly  aflei-  the  time  of  hatdiitig,  they 
lose  their  kidney  structiiiv  and  excretory  function  completely, 
thtragli  parts  of  them  jK-rsist  as  nccoesory  portions  of  tbe  repro- 
dticlive  apiMmttuN. 

Tbe  Wuldinn  and  Mullenan  duels  develop  bidependently  in 
the  ohiclc.at  any  nt«  so  far  &» their  aut«rjor  cnd^i  arc  cunoorawl. 
As  in  the  frog,  the  Miillenan  duct  beicomes  the  oviduct  of  the 
female,  whila  tlie  vns  deferens  of  the  male  is  formed  from  the 
Wolffian  duct. 

■2.  The  Wolffiao  Dact. 

The  Woltlbu  duct,  which  i*  the  fir«t  purt  of  tln-^  kidney 
^■stem  to  be  developed,  apiwars  early  in  the  aeound  day,  in 
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eabrym  witli  oboat  dglit  purs  of  iiieK>l>la6tic  wtniMs  (</.  >1g. 
1 10).  'nie  tluct  arises  oo  eitlier  side  &*  a  n4l^;«-Ukr^  proj«ctioD 
or  the  mesoblaat.  imiDedutely  beuMtlt  ihd  donal  epiblast.  anO 
A  little  to  the  noter  sitlr  <^  tbe  meeobtutic  smites.  At  the 
stage  m«Dtio>ied,  it  lie«  opposite  the  three  *ii»*A»irtW  of  tlto  «^t 
aomitafl. 

Aji  the  enibr}-o  j^ws,  the  ridge  lenfftlieD!!,  extending  doirly., 
forwards,  aoH  mon'  mptdly  iMclcwiuidti.  It  nlso  becomM  fiwe 
from  the  m^aHiblaert- ;  aad  in  ttubn-oa  with  foiulMO  pairs  oT 
wniites,  i.f.  of  about  the  tlurty-aixth  honr  (r/.  Tiff.  IH),  tht^ 
WulffiaQ  duct  u  pmeut  along  -eact  ddc  of  thv  h<Aj  oe  »  eoUJ 
rod  of  M-lln,  Ijring  fn*«  bctwit-ii  tJie  «piU»i>t  and  th^  mesoblast, 
and  exti^ading  from  the  fourth  to  thi"  fourteenth  somite. 

ThorodsooD  bcconicH  tabular,  by  acquiring  a ocnlral  loioea  ; 
and  at  the  atone  time  its  ponlkm  bec^ouies  changed,  tb«  in(*«>- 
blast  growing  rapidly,  and  sprt^'oding  over  tlio  dnct.,  betwwn 
it  and  the  cpibhut.  The  Wdflinii  dnct  (Fig:.  1 2?,  Kc)  conse- 
^nenUy  gets  driven  dui^'n  into  tlti>  nirsoblustt,  where  it  lies,  about 
the  level  of  the  dornal  aorta-,  imbedded  in  tte  mass  of  niesoblagt. 
KOiiwtiineseiiokeDorasibe  intt-ririe(liatecelt>nB«»^ which  projects 
into  the  dorsal  part  of  the  body  carity  as  a  longitudinal  ridgr 
bel  woun  ihe  HomutopU-uric  and  cplaiidinoplfuric  folds. 

Tho  Wolffian  duct  rnntimu>ji  its  growth  backwards  during 
the  auccet-ding  stages,  uud  towanls  the  end  of  the  fourth  day 
(ef.  I-*ig.  123,  Kc)  reaches  the  cloaca,  or  tenninal  diialat.ion  of  tJi'- 
alimentary  canal,  mid  o|Wtitt  into  it.t  dnntnl  ^urfnc*^. 

3.  The  Wolffian  Body. 

'DiK  Wullliuii  Imdy  i»  dcvclojMsd  <>ntin*ly  from  inMobla^t,  andj 
agrees  cloaely  in  il»i  Miructure  aud  inodf  of  dt^i'lopment  witjil 
thatoftlK-fi-og,     Id  itH  fully  formed  condition  (Kig.  123,  km)  it 
conKi.>t1«  <jf  u  i-oai|t!icatf;d  miiKH  of  coovoluU'd  Wolflwiii  tuliiilcsi, 
each  of  uhii'h  coiiimi-noi-)!  with  a  Malpigliinn  body,  and  Q]KtiB  at. 
ltd  iithiT  I'lid  into  the  Wolffian  duct. 

'IIh-  WnlflSnu  Ixxly  i-xli-nds  niong  \hr  giviil>T  piirt  of  th** 
Imgth  of  lhi>  dornnl  iKMly-wall,  as  far  Intik  an  the  lliirti>-t)i 
8omit«.  Its  aut«?T-ior  i>nd  is  iiuperti'Ctly  dt^veloped,  or  even 
nidiinE-ntary  from  tbe  first,  but  fTOni  about  the  bixtc<-nth  fo  th>* 
tJiirti<>tli  Miniit^f  ibc  WolCBan  Ixidy  r»*in«ini»  of  liugi-  aiw  alniosft. 
up  lo  the  time  of  hatching. 
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III  [hi'ir  mixlu  of  dertflopment  tht-  Wolffian  tnbote*  pfpesent 
certain  difTerencea  in  ttie  anterior  »nd  poateriQr  pai-te  of  the 
WolRian  body  rrspectivi<ly,  aD<l  mnKt  be  tloscribwd  soparatcty. 

In  front  of  nbriiit  tlio  eirtii-enth  somito,  a  number  of  smalt 
fannnl-likf  drxm-juions  of  the  piTitonral  f|)ithpliutii  appear, 
towu-dis  till-  -'Eld  of  the  second  day  (Fig.  129,  Gs),  beluw  and  a 
littlt^  to  t)))>  inner  side  of  the  WolfEan  duct.  Tht^  bottoms  of  theae 
rtinni>I);  an?  ia  cannectioii  with  slightly  ttrtKlinl  ct'llular  cords, 
which  form  in  tjie  mpsoblaat.   Thcac  oonlftmon  become  tubular, 
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Fie.  190.— A  cntniverM  iectiom  ■crux  th*  bodjnf  %  Cluck  Erabiyo  m  tb« 
(ortj-clgbtti  tiMii  a(  incobfttioii.     *  ISO. 
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and  acf|uire  cominunioations  ut  one  end  witlt  th^  fanufl-like 
daprvssioux.  and  at  the  other  md  with  ih^'WolHiaii  duct;  so  iJut 
ibe  peritoneal  funnrls,  or  nvphroat<ime»,  Dovr  U-ad  (h)m  tht*  cccloin 
through  th«0e  WollVmn  tubal>-s  into  tin-  Wnlflinn  doct.  Thi^ 
oephpoBtomw,  and  tbi-  WoltTiBU  tubules  into  which  they  open,  arc 
DBually  from  the  first  mthrr  mort-  nnmi-ruus  than  the  somilta  in 
which  tlicy  lie. 

'I'he  anterior  Wolttian  tubules  are  impi*rrect  fiwm  the  first. 
and  80OII  wndoi^ro  d^jfenerativp  changes.  'I'lie  mouths  of  the 
nepbrovUmea  firet  dilat«  greatly.     A  vavcuUr  process,  or  glo- 


SIS 


THK  CUICK. 


iDf<niluii,  then  tM»t>»  fmin  the  side  mill  of  each  luhiil(>,  and  pru- 
jecta  ioto  its  cavily ;  by  further  enUrgeiueiit,  ibe  glomeruli 
grow  out  tbioagb  the  expanded  mouUu  of  the  tnbulee,  or  nepbro- 
xtoDii-H.  )x>  ta  to  hang  Irccljr  into  tlir  tx>dy  cuvity.  The«^  rhatigrs 
ore  pro)>a)>ly  of  n  d<>genenitivp  chnractpr,  far  shortly  afterwards 
both  the  glomeruli  and  Uie  tnbultv^  disappear  cotnpletelr. 
Further  baok  in  the  body,  but  Htlll  in  front  of  the  sixtowilh 
ftomite,  tho  Wolftimi  tiibulos  develop  dlR^rpHtly ;  the  npjihn*- 
etomes  done,  the  tnbules  fM>parat«  from  the  peritoncnim,  ftnd 
then  U-comi-'itilnt**!  to  form  Molplghian  bodies,  inlo  which  little 
vwHCukr  tufts  or  glomeruli,  derived  fitan  tJie  aorta,  aoou  |»eiie- 

tret«. 

In  the  porterior  port  of  tho  WolHiiui  bodjr,  from  aboat  tho 
Bixtt^rntli  to  the  thirtieth  itoraitee,  there  are  no  nejihiviatomed. 
The  Wolffiau  tubuk'd  in  Lhie  rc^on  have  no  coutwction  nnlh  Uu> 
peritoneal  epitlieliutn.  but  arise  fi'oin  thu  first  in  the  mesoblast, 
appearing  O)*  oval  vesicles,  which  l»y  elongiilioa  become  llie 
Wolffian  tubules.  These  acquire  openings  into  the  Wolffian  duct, 
and  dilate  ut  their  opposite  vads  tu  funii  Mnlpiiriiiiiii  bodies. 
After  the  firetr-formed  tubidee  are  compIitL-d,  others  arise  in  rW 
sane  munoor,  and  MKuolly  nenrvr  the  dorsal  ctirfnee.  Pnrtly 
owing  t/>  this  incivase  in  the  number  of  tJie  Wolffian  tnbules, 
find  partly  uwing  to  e<ach  tubule  inrreasiu)^  greatly  in  length 
and  becoming  much  convoluted,  the  WolHitui  body  soon  ntlains 
a  considerable  tit7.e,  eauhing  a  marked  ridge-like  projection  of 
tho  intemiediale  cell  mass  into  the  body  cavily,  »loo(j  each  sid« 
of  the  Diid-doi-«nl  tine. 


I 


I-.  The  Head  Kidney  and  the  MUUertau  Duct 

Towards  the  eud  of  the  fourth  day,  thi-ee  pit-hke  involutions 
of  the  poritooeal  cpitholinni  njiponr,  uiii-  iR-liind  unothor,  close  to, 
tile  outor  «do  of  the  Wolfiinu  duct,  and  three  or  four  muiites ' 
behind  itsanteriorend.  Aridge-litce  ibickniingnf  theiieritoneal 
epitlielinm  connects  the  threo  pit>:  of  each  side  with  one  another, 
and  grows  backwanU  Itehind  the  third  pit  as  a  sc-lid  i-od  of  celb;, 
lying  along  tlte  outer  aide  of  the  Wolffian  duct,  snd  very  close 
to  this. 

Thia  rod  soon  l)PConies  tubular,  ending  blindly  behind,  but 
opening  in  front  into  the  tody  cavity  through  tlie  three  pits. 
Thewt  Utree  pits  fomi  tho  head-kidney  of  the  chick  embryo,  and 
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th«  ttiU>  into  which  thoy  op<*u  u  thp  cctnn)cuc«ni^iit  nf  the 
Mallfrian  diia. 

Tottard*^  the  end  of  tho  fifth  day  lh»7  two  bindiT  pita  clow 
up  ani]  distappear.  TJte  anterior  pit  p«>r^i8t.'>,  jtral  forms  thp 
periUMieal  ufxiniiig  uf  Ihe  MllUnrian  dad  or  oviduct.  The 
Mallemn  dnct  ita^t  frrows  rapidly  tmckwnnis;  it  lice  in  cltme 
crmtact  witJi  the  outer  wall  of  the  VVolBian  duct,  and  in  il* 
hindfi*  port  apponre  to  be  forino>d  from  colU  (l(>riv(*<]  frotii  th<> 
wall  of  the  Wolffian  duct. 

.-Vboiit  r.be  *^iid  f>f  ihe  sixth  iia.y,  th^  Mfillerian  dtict  has  grown 
backwards  m  far  as  tlH>  cloaca.  It  reinains  blind  at  itx  hiiidpr 
md  ill  tlie  male,  bat  in  the  female  opens,  at  a  lat«r  rtage.  into 
ihedooca. 

&.  Tbe  Pemanent  Kidney,  or  Xetanepbroi :  and  the  Vretcr. 

'I'hi'  cloftcal  (ipi-ning  of  tin-  Wntflinn  duct  (Fijf,  123.  tc)  is 
op[jo>sitc  the  thirly-fiiurth  wiiiiti',  wliilt-  the  binder  end  of  thp 
Wolffian  Indy  ilitelf  does  not  cict^-nd  behind  tJi«  tliirti^th  «omite. 
T)m>  perinaiieiil  kidney  i»  formed  in  the  mMHiblnat  itiituMiiatt<1y 
behind  th-'  WolHian  boJy,  and  i»  nt  fifBi  confined  to  Ibi.-  stuuitn 
from  tJiL>  tbirly-Rrat  to  tb«  thirty-fouHh  inclosive,  Lm.  to  Uw 
iMHnit«s  iM.wwn  Ihi-  hinder  end  nf  thi*  W(Jfli(in  body  and  the 
cIoBcal  opening  of  the  WolBiait  4uct. 

Towards  the  end  of  the  f^>artJi  day,  tlie  ureter  aris««  on  eacji 
side  (cf.  Viu.  l'2-'l,  kd>  a-i  a  fonvjirdly  directad  diveilienlum  from 
the  dorsal  surface  of  thehiuiler  end  of  the  Wolflinnduct.  l-'mm 
|1)«  ureter  lateral  oatgrowlhs  arise,  which  become  ooDtintMmt 
'  witli  nasees  of  eella  in  the  ni(«oblnst  around  il  ;  and  from  thete 
'eelh  the  tubules  of  the  kidney,  with  their  A! alpi^luao  bodies, 
are  fbmicd  at  a  later  vtofr?.  The  kidney  m  at  lirel  very  anial)  as 
compared  with  tJ»e  Wolftian  body,  but  towards  Ihe  elt»!e  of  tncu- 
balioM  il  iiicruaii-s  very  considerably  in  size,  gmwiiig  forwarde 
donal  lo  the  ^Volfliuu  l)ody.  The  arrterv,  which  at  first,  opm 
into  tlie  donial  wuti  of  the  cloncn,  through  the  binder  end:'  of  ihe 
Wolffian  dactB  (Fig.  12^),  acquire  independent  openings  into 
th«>  cl'mcu  dImjuI  the  itixth  day. 

I         G.  Tha  Ge&ital  Dnota. 

^f  a.  In  the  male,  or  cock  Ldrd,  ihe  AluUerian  diwta.  alUiouf^ 

W         tbcy  reach  the  cloaca,  never  open  into  it.  Id  the  Inter  btafrra  they 
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ander^  deg^uerative   cUanges,  and   ultimately  they   become 
uliiio-t  comjiletely  obliterated  on  both  sides  of  the  body. 

Tile  Wolffian  body  nl^orts  in  great  part:  a  portion  of  it. 
towevf  r,  pei-wBts  as  the  t-jiididyituh ;  whilf  oittgruwihiit  from 
the  MalpigLijui  bodies  of  this  portion  pen«tral*  into  Uw  testis, 
uiid  become  the  vaaa  eflereiitia.  The  WolQiaQ  duct  p(»sists 
tia  till'  vas  dcfeivni!,  becoming  bunt  on  itsutf  into  abort  tmna- 
venw  fuld.1  along  nlmo?t,  it»  entire  Icngtii,  in  the  manner  bo  fre- 
ijucotly  seen  in  the  nialf  genital  duct  both  of  Vertebrates  and  of 
lQvettebratt«. 


b.  In  the  female,  or  hon  birtl,  the  WolBian  IxKly  AUophi«R, 
small  piiit  iduue  peraiating  as  the  parovarium,  a  IxnIj  lying  iik' 
the  mesentery  between  the  ovaiy  and  the  kidney,  and  in  wliicb 
the  tabular  structure  of  the  Wolffian  body  remnins  recogniimble 
even  in  thr  adult  bird.     Thr  Wolffian  duct  disapjican. 

The  Mlillerian  duct  of  the  right  sidt?,  lilte  the  rigltt  oraty, 
disappears,  though  traces  of  it  may  per^st  in  the  adult.  The 
led  Mulk-rian  duct  bit-onic^s  tlic  oviduct :  its  peritoneal  opening 
1>ecome-<t  the  dnibrinlcd  nioulli  of  the  oviduct,  and  tta  wallii 
thicki-n  greatly,  espreiftUy  at  the  cloacal  end, 

7.  The  Supra-renal  Bodies. 

The  development  of  the  supra-renal  or  adrenal  bodies  is  not 
very  satisfactorily  detei*uuDed.  Each  coimsUi  of  two  parts, 
cortical  and  mcdullBi-j'.  Of  tbeee.it  ia  generally  agreed  that  the 
muduHnry  puiiiou  uiises  as  a  purb  of  the  eycnpatbetic  nervous 
syHteni.  The  cortical  portion  in  developed  from  groups  of  cells 
which  appear,  about  the  end  of  the  fourth  day,  in  the  luettoblast 
along  the  inner  side  of  the  Wolffian  body,  between  this  and  (be 
aorta ;  and  which  incrensc  during  the  6fth  and  sixth  days  so 
to  form  cell  nins»t:!i  uf  coniiiderable  tii/e.  (>n  the  seventh  dai 
iJiese  nuLB^es  become  closely  attached  to  the  iMalpighiau  cupeult 
of  the  Wolfllan  body,  but  whether  this  is  to  be  interpreted  ma 
indicating  any  etisential  connection  between  the  two  bodiea  is 
very  doubtful. 


1.  The  Body  Cavity  or  Calom. 
Tlie  body  cikvity  or  oa>I<>m  is  fonnod,  ae  tlc^cribAd  on  p.  243, 

towards  itie  end  of  thr  limt  day,  1i;  thn  aplittinf;  of  tliu  niefto- 
Uast,  or  ratlisr  by  n-arrangetiuml  of  tlu>  iiieaobln^l  wlla  into 
two  Inypra,  upp^  or  Bomatjc  and  lower  or  Bplanchnic  rei|Mo- 
tivply ;  the  body  cavity  being  the  narrow  chink-like  space 
between  the  two  layers. 

Is  thu  lnb>r  stages,  tli^  body  cavity  <^nlai^^  conxidiTably,  by 
forther  sti^piiraliou  of  its  walls.  It  extcuda  tbi'  whok*  Ifiif?th  of 
the  body,  but  does  not  reach  into  the  hotd,  nlopping  at  tlie 
Hmt  meaoblaetic  soRitto  or  protovvrtfbm. 

The  two  halves,  right  ntid  Ipft,  of  tho  body  cavity  an*  ut  fiwt 
sepantti';  but  as  the  ventral  body-wall  of  the  ciubryo  is  com- 
pleted, by  constriction  of  the  embryo  from  the  yolk,  tbo  two 
halves  meet  and  opeii  tnto  each  otlier  across  the  mi<l-vt^ntral 
plaiie.  Frotii  the  mode  of  its  fortnation,  the  body  cavity  iit 
dirtxHly  cuDtinuoua  with  the  space  betweeo  the  two  layers, 
ioner  and  oiik-r,  uf  the  amnion  (Kigv.  112  and  ilH,  AS) ;  and 
it  is  on*in);  to  tlilR  ooiitinnity  that  the  allanlois  h  able  to  pn-is 
out  Wyond  tlie  limita  of  the  embr^'O,  and  aprcad  ortT  it«  biick 
(I-^ifpi.  100  and  101). 

The  mcsoblast  tN>lls  lining  the  body  cavity  biwome  the  pori- 
toncal  cpitlieliimi ;  frotii  this  opitbeliuin  the  grnitui  orguns, 
Lf.  lh(^  ovnry  or  teotis,  are  developt^l ;  mid  from  it.  or  in  closv 
r^latiou  with  it,  the  tobules  of  the  VVolJlian  lx>dy  are  formed. 

2.  The  FericArdial  CaTity. 

Thero  ia  at  )ii«t  no  separate  pericardia]  cavity;  the  heart 
lyiog  ID  the  anterioi'  part  of  the  ^l>uerBl  body  cavity,  ventral  to 
the  a»opliagvs  and  [^rynx  (Fig.  112).  About  the  end  of 
tb<*  second  day  a  sieptum  begina  to  form,  which  shuts  off*  the 
ventral  jKirlion  of  the  body  cavity,  in  which  tiie  heart  lies,  at 
Itrtit  partjnily  and  ultimately  completely  from  the  jftiieral  body 
cavity  ;  and  this  i<hut-<ifF portion  becomes  the  pericardial  cavity. 
The  BOptuiii  is  formed  in  the  following  manner. 

Oppcsile  the  hinder  end  of  the  heart  the  Cnvierina  veins 
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cross  the  body  cavity  rmnnreift'ty,  in  order  to  reach  tlie  nnra 
rcnocus  from  thf  soiiiiito|ileii[-ti  ;  uiid  It  is  Troni  thv  wnlU  of  tlie 
Curierinti  veins  t'hat  the  p«>ricsjdial  Boptuni  aruics,  afi  a  thin 
sheet  of  c'ouuective  tissue  which  ^ovs  forwards  niiil  iipwurds 
to  thp  under  Burfaco  of  the  fortv-gut,  mid  obliquely  downwards 
and  Ijdclcwimis  to  the  ventj-a!  Ixidy  wiill,  which  it  mwta  u  littli- 
way  behind  the  heart. 

The  luu>fs  lie  iu  two  pocTtet-like  diverticulu  of  the  bmly- 
carity  wliicli  extend  forwiird<  along  tho  Bides  uf  the  jXH>phagus 
(rf.  Fig.  Ut3).  These  pleural  charities  at  first  lio  dorsnl  to  the 
peric(vri.liKl  ciivity,  but,  tis  Uiey  grndoully  enlarge  to  make  room 
for  the  lungs,  they  sprvad  vuTitrHlwuj-ds  ovt-r  the  pericardial 
ca^-ity,  Iwtween  it  and  tlie»  body  wjiIIb.  The  plenral  caritiofi 
iu  thi-  bird  n-maiH  throiijrhout  UfLr  continuous  ut  (heir  hinder 
I'lids  witli  the  general  body  cavity. 

9.  The  Huscnlar  System. 

The  meaoblastic  ajmites  or  proto-vertebne  (cj.  p.  2'W)  art- 
paired,  cuhiciil  blocks  of  iiie^obliutt,  arrnngped  in  series  aloag  tlie 
sides  of  the  spinal  cord,  and  formed  by  transverse  diWsiou  of 
the  vertebral  plalcs  of  the  inesoblust  (i'igs.  1 10,  III,  113,  jjs). 

The  somites  are  at  first  hollow;  their  cavities  we  to  he 
rpgnrded  as  p&rtit  of  the  ccclom  ;  and  in  th(^  cufie  of  the  anterior 
three  or  four  Boinitss  the  cavitie-s  am  for  a  time  tibctiially  con- 
tinnoas  with  tho  geueml  \>o{\y  ctivity.  The  walls  of  tlie  somites 
are  at  Hr?.t  of  nearly  uniform  thickness  on  itll  ftid&ii,  but  during 
the  »ec<Jiid  and  follo«iog  days  they  tfiickc^u  vet)"  unequally,  and 
undergo  further  changes,  by  which  they  give  rise  to  tJie  greater 
part  of  the  voluntarj-  muscles  of  the  trunk,  and  to  tJie  eloinente 
frnm  wliich  the  vertebral  column  ir^  developed.  These  changes 
are  etlected  as  follows. 

Daring  the;  Becoiid  and  third  days  (Fig.  12P)  the  ventral 
walls  of  tiie  Homitea  thicken  very  connidiTably,  bo  tliat  the 
whole  CTDbrj'o  is  increased  greatly  ia  depth,  from  the  dorsal  to  the 
ventral  surface,  and  the  cavities  of  tie  somites,  CM,  become, 
fiitnat^d,  not  in  th<^ir  centres,  but  close  to  their  dorsal  mrfAc^, 
The  dorsal  part  of  each  KOiuilc,  inclosing  the  cavity,  or  myoocel, 
CM,  now  separatee  off  from  tJie  underlyiji^  niasohlast.  a»  the 
miuole-plate.  Mf  :  tlie  walls  of  the  ninscle-plute  consist  of  cclb^  of 
an  epithelial  character,  cloKely  packed  side  by  side,  and  conttast 
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^ttnatf^j  witb  the  Ioom^Iv  nrmngeil  »tellate  cells  ol'  tlu-  ^-cutritl 

ytt  of  the  somite. 

The  cells  forming  the  deeper,  or  ventntl,  walla  of  tlie  inu»cle- 
platt's  bccotnt'  vk>n^rit'-t]  pnmllol  to  tho  nxU  of  the  fiiibnro.  und 
veiy  Aoon  b«<cnme  <y)nvert«il  into  n  !![^3teRi  of  lonf^ittirlinal  ninstcle 
fibres,  lu  this  tvav  u  brotui  bitiid  of  longitudinal  uuscle  Bbrea 
is  formed,  stretching  along  the  whole  lengtH  of  eocfa  »ide  of  the 
hodj  of  thi>  embryo.  <>ftcli  ImimI  lioing  iliv-tJ<.tI  traiuiver«ely,  by 
tlifl  originnl  protovprtebral  lines  of  sicgmcntation,  into  imired 
niuscb'  segments  or  mvotoinca.  Iliew  inusclo  buiid^  in  the 
cliick  correspond  to  the  great  louj^tadinal  body  lonscles  of 
AmphioxQs  or  of  F'ishes ;  itod  from  them  a  great  ptut  of  the 
tolantnn'  muscular  cy^tfiii  is  dcvflopcd. 

The  mu:<rlF-|ilAtfs  nt  fmt  lit*  nearly  horizontally,  iheir  inneir 
botdfrrs  boitig  at  a  level  slightly  dorsal  to  their  outer  cdgM. 
As  the  Ixxly  ef  the  embryo  inrreaiie!;  in  thickness,  and  aanimet 
more  detiiiite  shape,  the  inM»clc-pl«t««  bcvomi;  placed  more  and 
more  oblitjuoly  (e/.  Fig.  129);  and  by  the  aid  of  the  third 
day  (Fig.  \'2i,  ui'jtbey  lie  nlmosC  verticAlly,  the  original  inner 
hornet  becoming  dgreal,  and  tho  original  oater  border  ventral 
in  poaition. 

Thu  outer,  or  ventral,  edge  of  encfa  mustcln-platc  mptdly  ex- 
tends into  the  aouiatopleutt- ,  and  by  tlio  Bflb  day  has  apread  half 
■way  down  to  the  ventral  aarface  of  the  embryo ;  the  gr«at*'r  pi^rt 
of  it«  component  cell?  become  coavArted  into  fufifonn  Diasolft- 
celts,  front  wUicb  the  muwlm  of  the  back  and  trnnk  are  dm'e- 
loped.  At  the  doraal  and  ventral  borders  of  the  mnscle-plnt«» 
the  cells  retain  their  epithelial  character  00  long  as  tho  plate 
continoes  to  grow. 

la  the  a^meuts  nppr«iitB  the  limb  bads  (Fig.  110),  the 
mnscl^-plutee  stop  at  the  baeea  of  tlie  limb»;  the  muscles  of  the 
limbs  themselves  are  fonned  independeutly  of  the  nmiwle- 
plate^,  about  tho  fillh  or  taxtii  day,  an  arrangement  which  is 
pn)bably  to  bv  reganlod  m  a  modification  of  a  more  primitive 
one  by  which  the  niuiealature  of  tho  limbs  is  derived  directly 
Trom  that  of  the  body. 


*i 


834 


THE  CHICK. 


THE   DEVELOPMENT  OF  THE  SKKLETON. 

The  alselBtoH  of  the  cltick,  like  rliat  of  tlie  tadpile,  oonststti 
in  itfl  earlitwt  stages  of  dtfiieely  packed  mt-sobldst  celie.  which 
soon  fiivii  risp,  by  thr  fnrm.ition  nf  siii  iiitorcflluliir  tnntrix,  ro  the 
primary  or  «artUagiitous  skeleton.  Tins,  in  tli<-  .-idtilt,  is  nlmout 
completely  replaced  by  thi>  flecandary  <<r  bony  skeleton,  but 
persists  in  places,  especially  in  ihtf  skull. 

As  in  tlie  frog,  bouc-  may  appear  either  in  direct  i-ektion 
with  blie  preexisting  cnrtilngc,  or  iodept-ndcntly  of  it.  and 
lienor  a  di.'itiiiction  may  be  drawn  between  outila^baiiei  mid 
membraDe-bones  :  tUt^  latter,  wliich  nppear  iiidependt-utly  uf  the 
cartilage,  being  »lino«t  conlincd  to  the  houd. 

1.  The  Vertebra!  Column. 

The  Tf^rVdiml  colnniii  is  formed  from  th.-  ventrnl  portioos  of 
the  mesobloslic  souiitt-s  or  protovertebra",  Afler  thr  rnnscle- 
]ilat«8  have  aeparated  oif,  the  remiuiiing  or  ventral  portions  of 
the  somito!)  of  vtxh  p«ir,  which  consist  of  indiffi-roiit  and  rather 
loowly  cnmpacttjd  mesohlast-cells,  grovi  inward!;  towards  the 
median  plane,  and  meet  both  above  and  below  the  spinal  cord, 
and  Ijclow  fill-  notnclii^rd  a«  well  ;  »o  that  by  the  end  of  the 
third  day  (Fig.  124)  both  the  spinal  cord  and  the  nntochord 
huvo  mest)b]ti»tic  inveiitmerit-t,  which  during  the  fourth  day 
increase  cousidi^rahly  in  thickness. 

T5firly  on  the  fifth  day,  tlm  tmnsverse  lines  of  demarcation 
botweou  the  successive  pairs  uf  somitca  disappwir,  the  mcsoblast 
becoming  a  continuous  mass  the  whole  length  of  the  body,  and 
forming  oontitinonH  investment*  to  the  notochord  and  the  apiiial 
cord.  This  fusion  only  coiicdms  the  ventm!  portions  of  the 
somites,  the  inuacle-plales  retaining  l.lieir  urigitiAl  di^tinctDces. 

In  tho  couree  of  thL^  fifth  doy^  the  mestoblast  imraedialt^Iy 
around  the  notochonl  lieconies  cartilaginous,  forming  a  continu- 
ous ansogmeuLtid  c&rtilugiuuui^  tubu',  cmhcathing  the  notochord 
along  the  whole  length  of  the  body.  At  the  sides  of  the  spinal 
cord,  paii-ed  cartihiginons  bars  appear,  which  soon  fo8«  with 
the  cnrtilaginoufl  investment  of  the  notochord,  and  become  the 
neurnl  arches  of  the  vertebra?. 

A  little  later,  but  before  the  close  of  the  fifth  day,  further 
histological  changes  occur  in  the  cartikginons  tnbe  sitmouiiding 
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cT  tkc  fiftli  d*3r. 
and  p«iefiar,  wkid)  altacb 
.  to  Ap  vertebral  aagt  'm  boai  of.  and  faebind,  th4.in 
imfeetrntf.  fSj  Afa  dNwoa  ifae  ari^aaDr  cootinooos  cwti- 
li^iwii  Aeatt  t£  tW  atHmAmi.  htaanm  cat  op  tnto  a  scrive  of 
■  41111111111 ;  taA  tgnept  eaaaatiBg  of  a  vcftebnl  ring,  fnsed 
with  tlie  potfcffkr  aad  aatafkr  ImIim  of  WKwiiri.!  int^r- 
Tcrtebnl  rio^  and  ftieetl  afao  witk  a  entilagiiKiaa  neml  arch. 
Tbi<  flcgment*  m  funnnl  br«anw  tW  sdult  twtobnt  (Fif.  IIG). 

The  original  rertebcal  tings,  and  the  Moral  ETBtKB.  Iw*  oppo- 
site Uie  intcmla  brtween  SDOceowre  pairs  uf  moaclc-plalea ; 
wliile  ibtf  intervertebral  rii^s  tie  apposite  tlic  mnecl^plateH 
tbemieJvei.  Am  tba  diviaion  intovnrtebnB  take*  placx-  across 
llie  centres  of  tin  interrrrtebnl  rings,  it  foHoira  Uiat  the 
pLuKttof  dirisi^in  betwetni  tbe  veitelffn  do  not  coiucide  «rith  tfau 
plaiK-K  of  dirisioa  betwera  the  mn^Ie-platn,  i.«.  with  the 
originAl  protorertebnU  planes  of  dirisian,  bat  nre  midway 
b«tireeu  these.  Bmce  tbe  dimioD,  or  segmeuiatioD,  of  the 
reit^hml  column  luw  bMO  spoken  of  as  soconJarr  or  pi-nnAiient 
aegmvntation,  in  contrast  to  the  primaiy  or  proCovertebRLl 
iMgniMitatioa  which  is  ivlaine<)  by  the  uinsclivplatce  or 
mjrotomea. 

Tt  most  be  bonus  in  mimi,  Iiowevor,  that  tb»  pennanent 
wgmi-Tilulkm  is  the  only  one  ever  shown  by  the  slfpletal  dt- ment« 
tlmnwu'lTes.  The  primary  segmentation  ia  OBBcnlioUy  »  divi- 
sion into  myotomes  or  mu^le  segmenta,  and  occurs  at  a  dtne 
whi'ii  ihc  Dot'X'lionl  is  the  only  t^koluCul  t^t^Tlct^lV  present.  'Hie 
cartilnginoun  Hki*letoti  b  nt  its  first  appeftrance  uiiEc^mf  nted,  iUid 
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the  only  segmeiitatjoQ  il  ever  shows  Is  tJie  pennanent  or '  secon- 
dary '  one. 

The  rpiison  why  the  permanent  or  vertalinj  ('(•jr'Hentation 
altenmtos  with  tbr  primary  or  myototnicituguieiitAtioniR  probably 
let  be  foanfl  ID  mechanical  consi<1eratioiia.  The  loogiludiiial  niiMcIc 
fibres  of  tli8  inyoTonies  /iro  fttrached  at  tJi«ir  ends  to  the  verte- 
bra) (ir  to  their  prace!i!i«s,  and  tlie  Eitraiti  on  the  axial  skeleton,  and 
coiise(|uent  tvudency  to  hitteral  bemliDg,  caused  by  alti^rtiatc  con- 
tractioiiB  of  the  muscles  of  the  two  sides  of  the  body,  will  be  ;fTieat- 
Mt,  iiot  oppoeita  the  .itlacliinent.i  of  the  tnoscleH,  but  midway  be- 
tween tbcea ;  and  it  in  at  tlu-Ho  niidnity  poinU  tbat  tlii*  interrer- 
tebrnl  joints  are  foraietl  when  the  axial  Bkoleton  beooiDes  too 
rigid  to  allow  of  fre(»  bimdiDg  of  t  ho  body.  witJioiit  B^gmentation. 
The  mochiuiical  adraot^igo  of  the  arrangement,  by  which  each 
vertelira  is  aeied  on  hy  two  itiyotoniea  on  each  siile,  ont*  pulling 
it  ftMTrardsand  one  backwards,  is  aufficicntiy  clear;  and  the  actual 
segmentatioii  is  probably  due.  in  tb«  tiret  iuslnoce,  to  the  direct 
action  of  the  muscles  them«--lvei<,  cau:<ing  bendiug,  and  suWo- 
qoeiitJy  jointing,  of  the  oiigioa]ly  eoiUtDUoaa  cartilaginotkt  tube 
at  pojntii  midway  Lelivwn  tbt*  nttaohnients  of  tbe  nioscW. 

Up  to  the  aixth  or  MTantJi  day  (c/.  Fig.  1 1&,  CB),  the  nutochord 
remains  of  full  tui«^  nml  uvnrly  iiuiform  diaiiietei' ;  but  from  this 
time  it  bnoomeR  gradually  encroached  on  by  the  vi^rtebml  cenira 
auiToundiag  it,  which  grow  inworda,  constricting  it,  andcauaing 
its  gradual  absorption  and  linal  dimppearance.  O^ificHtion  of  the 
Tcrtebno  begins  about  the  twelfth  day,  in  the  cetitmin  of  the 
second  or  third  cen'ical  vertebra,  and  ffradually  extends  back- 
warila  along  the  oolunm ;  the  neura]  arches  wteify  ratlter  later 
than  (he  centra,  and  independently  of  thetn  ;  each  having  ivro 
cent  nw  of  ossiticntion. 

At  uii  early  stage,  about  the  ^erenth  day,  the  true  centrum 
of  the  first,  or  atlas,  vertebra  »cpnrat««  from  (h«  outer  ring,  aud 
beoomoB  attachwl  to  the  second,  or  ax»  vertebra,  aa  iln  odontoid 
prowHss.  The  ntlaa  and  axis  vertebnc  have  uo  rib  elemcnta,  but 
ihes^'  are  prest-ul  iu  the  retnaiDing  cervical  vertcbne ;  they  lie 
to  the  oQtei*  sidM  of  the  vertebral  nrtcriet^,  and  they  are  from 
the  fimt  continnons  with  the  ceutm  of  the  rertebnt  to  which 
th«y  lioloog,  exo.-pt  iu  ihe  case  of  the  bindmwt  two  or  three 
cervical  vertebne,  in  whidi  the  rib  elem«nte  are  for  a  time 
inde])cndeiit. 
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In  a  pcven-clay  cliick  embryo  there  are  forty-five  vert-cbnt- 
jiresent,  of  which  the  liindmoBt  6vo  or  six  fuse  at  a  later  sta^to 
foi-m  tlii>  pygostyle. 

Of  tlic  '  sacral '  vcrtebnc,  tlie  first  four  have  rib*,  which  iu  the 
first  iu%  long,  and  in  the  remaining  cliree  are  mucli  ehort^r.  The 
fifih.  sixtli,  sorenth,  find  t-ightli  vertebra?  have  no  riVis;  th^nitirh 
ftnd  tenth  have  ribs,  and  are  fur  this  reason  regarded  liy  uinnr 
Koologista  as  tlie  true  sacnil  vertvbrtt!.  The  remaining  five,  or 
'  uniMicrnl,'  vertebra?  have  no  rib  elements.  Up  to  the  seventh 
day  thfgf  Inll^r  are  c)iii(e  distinct  from  the  ilia,  which  stop  at  the 
tenth  VDrlcbru  uf  the  encrol  si^rief;:  in  tho  later  tstugcs  thu  ilia 
gradually  extcuti  furlher  backwards,  and  ultimately  overlap  and 
fiifle  vrith  all  fivi-  'urosneral  '  vcrtabra). 


2.  TheSkuU. 

The  akutl  of  the  chick  consiata  of  the  same  nioqtliolo^cftl 
elements  as  tliat  of  tlie  frojj,  rix. : 

(i)  Tilt;  c-ranium,  or  bruin  cose. 

(ii)  Tlif  sense  cajwulos,  olfactory  and  auditory. 

(iii)  'J'he  visceral  skelotou. 

The  sense  capsules  nnd  ths  cranium  art',  howeA'er,  go  closely 
Dnik'd  from  iboir  enrlit'.st  ajijieHrance  t)m(  it  will  Ix'  convc-iiiost 
to  descrilK)  tiiem  togefhtr. 

The  main  factor*  of  the  skull  may  be  recofjaised,  intiie  form 
of  tract  s  of  en  ml  i- used  mesoblnst ,  as  »-arly  as  the  foiirth  day,  but 
it  in  not  until  th»  sdxtli  day  that  carbilng«  i.i  definitely  e»tahli.shed. 

«.  The  Cartilaginous  Skull. 

(i)  and  (ii)  The  Cranltim  and  the  Sense  Capsules. 

At  the  end  of  the  sislh  day,  when  cartilage  first  appeara  in 
defiuite  form,  tlic  structure  of  the  skull  i»  as  follows  (cf.  Figs. 
lie  and  123).  Tlie  luitwluird  extends  forwards  in  the  tnediao 
plane,  Ijenentb  the  brain,  as  far  aa  tlie  hinder  end  of  the  pi(.«  itaty 
body,  when-  it  stops.  At  the  sides  of  the  uotochonl,  nnd  in  close 
tvinliicl  with  i(,  iin-  a  pair  uf  horizontal  cartila^nous  plates,  tho 
parachordal  plates,  which,  with  tho  not^chonl,  form  a  browl  floor 
to  till-  hindiT  part  of  the  skull,  underlying  the  hind-  and  mid- 
broiuD.  Inil>edded  In  the  ]iarachordid  [>lnte«,  and  continuous 
with  iliom  from  their  first  appenrance,  are  the  cartilaginous 
auditory  cajimles,  incloKiug  Lh«  audilury  organs. 
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In  front  of  thenotochonl,  the  parachoitIal.H  nrr  continurd  for- 
wnrds  m  a  ]intr  of  vhort  *ii(l  rather  s1«iider  roi1i>,  lW  trabeculn 
eruiii:  tUcse  li«  at  llie  sitVh  ..f  lliv  pitaitiu^-  Ixidy.  and  uuiro  in 
froul  (^  thU  U>  roi-iii  Ibe  ethmoidal  plate,  n-liicb  underlies  aud 
flopports  the  fore-brain. 

By  the  riglith  iJny  (Figs.    131  nn<]    \\G)  im[tn«tatil  c)iuigv)i 
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Flo.  I9l.~-Tbc»tnill  vF  a  Cliick  CinUF^oai  tbccndol  ifaffvlgbUidaraf  Inca- 
baiioD ;  wi-n  frun  tbc  rif lit  sklo.  The  head  and  tje  tav  reprcMiiicd  in 
outlSnc     >  10. 
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havo  nccum-^  in  tbe  skall^  inainlir  luaociated  irich  tin-  gro^li 
fonvanis  of  tli<^  l««>l<. 

At  tbe  kiBiler  I'ltd  of  t>u> skull  tin-  two  parachordal  cartilagos 
(Fig.  llG.KCJlinvduiiiU'd,  iilxjvf  iind  below  tlio  nol.Krltord,  to Ibna 
tb»  liA«lAr  piat<- ;  und  thi;  sides  of  tliv  Imtiiliu-  pUte,  itwlodiiig  tito 
auditory  CH{»iile«  wbich  are  fui««<l  villi  ttiem,  bavu  grown  U|>- 
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wards  to  fonn  the  side  n-slU  of  the  skull  (Rg.  131) ;  the  ex- 
occipital,  oli-^plionoidal,  and  orbito-splwnoidal  reg!<»iis  being 
already  established. 

lu  fioDt  of  tbe  pituitai^-  bodv  the  ethmoidal  plate  (t'ig.  131, 
kt)  has  grown  enormously ;  it  extends  forwards  to  the  Up  of  the 
beak,  and  is  fused  in  fmni  with  the  cartUaginoas  capsules  of  the 
olfnclory  organs,  ok.  From  the  dorsal  sacfwx*  of  thL-  fthinuiJal 
plate,  along  its  whole  length,  a liuge  vertical  crest,  the  interorbitaJ 
plate,  has  arisen,  which  enpporte  the  fore  pnrt  of  thebriiin  (Fig. 
Ill))  along  it3  upper  ed^re,  and  is  niAchod  in  froitt  fur  the 
passage  of  the  olfactory  uen'e«,  i. 

(iii)  The  Visceral  Skeleton. 

la  the  cliick  emhrro,  cartilagiuoas  elements,  correspondiztfr 
to  the  Ofli'tilaginouH  bai-s  of  tlie-  tadpole's  skiilt,  nre  developed 
iu  the  mamlihiilar,  tiyoidc^an,  rind  tir^t  bmiichini  arches. 

The  Biandibular  areli.  In  tlio  muudihulur  orch  two  cartilngaB j 
apivar,  [iroxima!  ami  iliftal  respectively,  which  are  from  the  firat 
ind^peiidoot.  The  pra.'ciitial,  or  dorsnl,  one  (Fig.  I-II,  Q)  is  the 
quadrate  curtJliigu,  u  stout  tri-radtate  nirtilage  of  which  thv^ 
longest  ami.  or  otic  process,  is  directed  bachwards,  anil  articu- 
lates with  the  uaditory  or  periotic  cnpsiilo  ;  wliile  iheventrol, 
and  stoutest  litiib  furnishes  the  urticuhir  surface  for  tbe  mandible. 
Tlio  iliftal  L-nrtJIaire  of  the  maodibiilar  arch  is  a  slender  rod^J 
If  eokel'fl  oartilage,  mc,  whic^h  fi-irni<:  I  he  W^is  of  the  lower  jaw ; 
its  binder  eud,  ak,  which  articulAfes  with  the  quadrate,  ia  ex- 
paml'fl  Jiml  tliiclicned. 

The  hyoid  arch.  The  bar  of  cartilage  beloitgltig  to  the  hyold 
arch  is  imperfect  or  abseiit  along  tbi>  greater  ]mrt  of  its  length, 
its  dorsal  and  ventral  ciiilis  alone  being  pr>.-s«nl.  The  tippeiinoBt 
or  dorsal  end  is  believeil  to  be  reprt^sented  by  the  columella 
(Fig.  131,  CL),  a  slender  rod  of  cartilage  which  very  early  fuM-gJ 
with  the  stapes,  u  small  plug  of  carlilugu  formed  in  the  mcmbraDfr 
closing  the  fenestra  ovalis.  The  ventral  end  of  the  hyoid  bar 
foms  the  cerato-hyal,  or  lewier  cornn  of  the  hyoid,  hk  ;  and  tlm 
median  eleun;iit  of  the  hyoid,  or  basihyaJ,  appeal's  also  to  b»-loug 
to  this  arch. 

The  first  bronohial  arch.  In  thf  vi>ittrBl  part  of  tfau  first 
braiichiiil  nrL'h  a  »it  iidt-r  carlilagiiioua  bar,  the  cerato-braachial.  or 
gr«at*-r  corun  of  the  hyoid  (Fig.  I'll.  liK),  is  furtni-d  ;    and  in  the 
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mid-ventnl  i<1(tii>-.  vvlnn^  rlw  nrclti-ii   of  lli<>  two  udM  BlMt,  ik 
mediui  buibruiohial  cartilage,  dk,  is  ilpvelo|)ef]. 

lo  the  hindvr  bmiichJal    arclies  uo  skeletal  t-lcineuta  are 
formeil  in  tin.'  cliick. 

b.  The  Oueoui  or  Bony  Skall. 

(i)  Til..'  cBxtilage-bones (ievclopnl  in  cdnnrclion  with  tin-  skull 
arp  as  follows : 

From  til.' iHinwIiiirtlnl  roi-tilagcs  urv  foniiMi  llif  bMi-occipital, 
ex-«ccipit&U,  -ind  supra-oocipital. 
or      SF       It 
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FWhk  the  periotic  cniwulrs  nro  formrd  tbr  prootiei.  epiotics, 
au(]  opUthoties. 

Friini  tho  trabrcntm  cranii,  tlio  •■thim^idnl  cartilages  Ami  the 
ol&ctor^-  capsuh'K.  nre  fomied  Uie  alisphenoids,  orbltoipbABOidi, 
prespluiiotd.  nud  meHtlunoid. 

Ill  I  ill-  ni3ii(libtil»r  nrclk  of  eAcb  side  riro  fcrnned  I  bi' quJidriLtA, 
ukI  tlif>  uticul&re. 

In  tliv  byoid  nrch  are  rumicd  tliv  colomeUa.  tin-  ceratobyal, 
&nd  basihyaL 

In  i\w  (inrt  hnuicliinl  nrcli  aro  fermcil  tli«  ceraUibfanchial, 
and  basibranchial. 
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(ii)  Tlie  membrarn'-bnnes  arc  Ims  closoly  eonncct.xl  with  the 
carl ilfiRi nuns  hkiill  tlmii  are  the  caiiU»ge- bones,  ami  can  oulybc 
grouped  somewliat  arbitrarily  according  to  the  primary  diviaions 
of  till!  cnrl.iliiginims  hIciiII. 

Id  couiiL-L-tiuu  willj  tht»  cranium  and  the  sense  capsalea  uret 
form&d  tho  parktals,  $quamosalt,  frontah,  laerymals,  nasah, 
vomer,  basitcmporal,  uui  pamsphenoid, 

la  conm^ctioii  wiUi  th(i  upper  jaw  are  formed  the  pterj/- 
golds,  palatines,  quadratojttgals.jugals,  maxilltB,  and  premaxUlce. 

Ill  coriiiMt.idti  witli  the  lower  jfiw  arti  funned  vit  each  side  the 
dentary,  annulare,  supra-angulare,  and  spknial. 

3.  The  Pectoral  Girdle  and  Sternaiu. 

The  steraoiQ  develops  an  two  ittfiKtnitt'  halves,  apparently 
forint'd  l>y  fuaioTi  of  the  ventral  ends  of  the  ri\m,  which  meet 
and  uuitf  in  llie  uu-dliui  plane  uii  the  uiuth  or  t«iitli  dny.  Both 
haJves  contribute  to  the  formation  of  the  keel,  which  Is  formed 
hy  fusion  of  thoir  ndjoc-jut  edgos.  The  keel  is  very  amall  nntil  ■ 
towmiLsllieclosn  of  drvelopment.  The  manubrium  of  lIk.-  sternnm 
is  formed  ititht:r  later,  and  is  apparently  a  Becondoi^'  outgrowth. 

Tlio  sU-rnuiu  shovfa.  in  itH  dcvflopmciit.  evidence  of  liaving 
been  wiginally  of  frreiitfr  length,  find  aRsnriiiti-d  witli  a  larger] 
number  of  ribs  thuu  ia  ttii;  adult  fowl.  In  embryos  of  tba 
dixth  day  flu-  two  hindmost  cervical  ribs  are  attached  to  the 
Btemnm  ;  on  the  Bcveiilh  dny  theylmve  lost  their  eternal  attacU- 
mentts,  but  art;  still  greatly  olongriti^d.  At  tho  hinder  end  of  Uie 
thoracic  series  theit-  is,  diirlug  the  sixth  and  seventh  diiys,  a 
rudiment  of  an  eighth  rib,  which  disappears  shortly  nfterwarda. 

In  the  shoulder  girdle,  the  scapula  aiul  coracoid  m-c  almost  at 
right  angles  t>  «ich  other  fu  the  scvcntb  day,  the  scapula boio^ 
loii^  mul  blitde-like,  und  the  comcuid  Rhort  and  atoiit.  At  tlie 
beginning  of  the  eixth  day  tbe  ecapulu  itnd  coracoid  are  cun- 
tinuona  with  puch  other,  but  before  the  end  of  tbe  day  they 
pcpiirat^^-. 

The  clavicles  are  membi-ane-lioneB  ;  the  inedinn  part  of  the 
furculu  has  bL'fii  compared  to  an  interclavicle,  but  the  cinbryo- 
logicnl  t'vldiinro  doi\s  unt  support  this  view. 

■I.  The  Fore-limb  or  Wing. 

The  hnmeins,  and  the  radini  and  ul&a,  present  ao  poiuta  of 
special  iinportnuce  in  their  developTiieiit ;  hnt  tbe  earpui  and  ihu 
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nuBiu  show  peculiar  moJificatiooB  in  all  birds,  anil  are  of  mucli 
groatT  ii)ti>rest  (Kifj.  I  ■JO). 

a.  The  c&rpu«.  On  the  so^'cntb  day  the  cnrpuK  cniisista  of: — 
(i)  a  proximni  row  of  two  cartila^s,  of  whicti  tJt^^  l^TS^''  out-  i» 
BitOAted  oppceite  the  end  of  rh>.-  radius,  aiid  ie  regarded  by 
l*ark«T  a»  correiipondintf  M  tbc  rndialo  and  int«rtnFdiani  of  tlid 
lypicnl  ciirpui' ;  whilo  tin- Miinller  oim,  [>liioi>d  op]>o»il'*  iho  i-nd 
of  the  ulna,  is  n-oinmoiily  rpgardwi  na  the  nlnare,  bnt,  acwnling 
to  I*arker,  oorreeponds  to  t)i«  ulunre  nud  centrale  of  the  typical 
carpus,  (ii)  A  diet-nl  row  of  (wo  carlil»^-s,  a  larger  oav  on  the 
nuliat  silk*  and  a  stiialli^r  one  on  Hu-  iilnnr  side.  A  littlv  later, 
about  tlte  U'lith  day,  the  radial  cartilage  dividt^tt  into  two,  gi^Hnt; 
throL-  carlila^s  iti  the  distal  ruir  of  the  carpos,  of  which  Ibo 
middle  one  is  tli«  liirgusl. 

The  carpim  n.<tnain.>i  in  tliis  coudition  niitil  Miinf>  lime  Bft«r 
(he  hatching  uf  the  diick.  The  two  proiiiital  tarpals  persist  ns 
the  two  free  carjwls  of  the  adult  bird  ;  they  begin  to  ossify  Jn 
chicks  about  tive  weeks  after  hatching.  Th«  dietal  c»rpals 
rpnrnin  free  for  some  tiijie,  but  ulliniatt-ly,  in  chicks  Hght  or 
nine  month?  old,  they  unite  with  the  metacarpals. 

b.  The  digits.   In  Uio  mantM  of  the  fowl  there  aru  three  well- 
med  di^itn.   which   at  Brat   are  qaite  indepenileiit  of  ono 

lOther,  and  which  corn^spond  to  the  three  radial  di),'its,  pollex. 
Index,  and  inedluii,  of  the  typical  Vertebrate  manna.  The  fourth 
digit  is  rather  doubtfully  reprv^oiited  by  a  small  rudiment. 

On  the  PL-Teiitli  day  tlic  first  three  mptacnrpal.'i  ore  woU- 
devdopod  cartiliigtnoua  ro<la,  completely  iteparat<>  from  one  an- 
othor,  and  from  the  carpna.  The  first  metacarpal  i»  nhort ;  the 
Kwond  looff  nod  thick  ;  the  third  about  the  same  l^iiprth  an  the 
secoad,  but  much  thinner.  The  tint  digit  or  poUex  has  two 
short- plinlanpw ;  thi- swond  digit  or  index  haa  tlirve  ;  and  the 
third  digit  or  uiwliuii  has  two,  of  which  the  terminal  one  nlti- 
mately  ditappaars. 

During  the  tenth  day  a  smalt  tiodule  of  carttUge,  the  pr<*- 
(lollex,  oppeitreon  the  radial  side  of  the  Gnt  inctAoarpal,  with 
which  it  nltiniBt«ly  ftises.  Another  sniall  bar  of  cattilag<e  ap- 
pearSi  about  tlie  name  time,  on  the  outer  eidty  of  the  third  meta- 
carpal, at  its  proximal  end ;  this,  which  perhaps  reprc#ents  the 
fourth  metacarpal,  remaiiia  distinct  until  mnte  time  nft«r  hatch- 
ing, ullimutcly  faeitig  with  the  base  of  the  third  mctacarpsL 
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The  fiii'ther  cJianfrcs  in  th*-  mAnim  ttrp  effftcted  very  :*lowly. 
The  tlirei-  iiietacar|irtl(»  liej^iii  to  o^ilV  alMut  tlie  tentiior  lK»?lfi.li 
(ia.y,  but  remain  distinct  from  oae  sDotber  until  ftbottt  a  month 
ai)«r  ImtcJiiiig,  wlioii  tli^v  licgiii  mIowIj'  to  anitf  togielJter;  the 
fufiinn  or  tlie  tnel-acuriial*!  willi  tbi<  cUntal  row  uf  ciu-paU  does  not 
occar  antil  some  time  later. 

S.  The  Pelvic  Girdle. 

TLepelric  girdle,  about  the  ^Ixth  day.  consists  of  ftsomewbat 
squarish  pluU-  un  citlicr  »ide  of  tli«  body,  tlio  rentml  part  of 
whicli  h  nt  first  directly  cDntinuoiia  with  thts  femur.  Tlie  doreal 
border  of  the  pluto  corresijonds  with  the  iliac  region,  whirh  at 
tim  stage  doeif  not  extend  over  more  than  about  tlire«  sotoitoa, 
diflering  in  tbia  i^-8|]<^^  very  mnrltedly  from  it«  condition  in  tlie 
itdalt.  From  tlie  ventral  and  antei'ior  border  of  the  plate  two 
})nicf»!<es,  prepubic  and  pubic,  pi-oject  downwards  unci  fortrords ;, 
and  from  thD  ventral  and  |)OBterirjr  border  a,  broad  ischiatic 
C0K8  projects  downwnrds  and  iiiwnrdg, 

Puring  thti  soveulli  duy.  Iho  fumur  bectimcs  separat^-d  oiT 
from  the  hip  ji^lle:  the  ilium  extends  rapidly  biickiTArds  alonif 
the  vertebral  column,  nod  more  slowly  forwards ;  the  i*chium 
prciw-s  biickwanls ;  and  the  pubis  also  begins  to  grow  bnckwui-dii  as 
a  slondtT  bur,  lying  purallt*!  to  the  vcntnil  Iwrdcr  of  the  iEciiiuui, 
iind  u  little  way  below  thift.  The  prepubic  process  i»  relatively 
miic'li  le«5  coiupicuouB  than  in  l^ht*  e<arlier  iitages.  ^^fl 

During  the  later  stagee  of  dcvelopineDt  tbese  cbftngwB 
becomo  mon.*  and  none  mnrl<od,  and  the  pelvis  gradtially  acx)utn<s 
its  adnlt  Rha^w.  The  ilium  ylougHtca,  Ixith  anteriorly  and 
posteriorly,  becoming  nltiniatiely  attached  to  no  leas  than  fifteen 
vertebrse.  The  ischium  al«o  I«ngtboQS  greatly :  its  hinder  vnd 
becomes  expanded,  and,  shortly  before  tha  tiro©  of  hntcliing.  fused 
with  the  poBterior  end  of  the  ilium,  to  complete  tht!  boundary  of 
the  ilio-aciatic  foramen.  The  pubes  elongates  still  more  than  the 
iBchiiiiii,  and  fomiN  »  long  sli-ndtr  rod,  lying  parallel  to  the  ven- 
tral edge  of  the  ischium  and  projecting  Iiackwards  some  distance 
beyond  this.  The  prepubic  proco»e,  which,  both  in  its  cartilagi- 
nous condition  and  when  ossified,  iippeaw  ti>  In-Iong  tothL-  ilium 
rather  than  to  the  pub&e,  forms  in  thy  adult  a  small  blunt 
procoiw,  projecting  trom  the  anterior  and  %'eutrttl  border  of  the 
acetabulum. 
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G.  The  Hind-limb  or  £«g. 

TLo  ffimor,  utul  t\w  tibia  und  fibuU.  present  no  spedal 
|x>int!»  of  iiit<!r«*!it  in  tli>-ir  tievelopiiieiit. 

llie  tanoB  CLUist^t^i,  on  thi*  Beveiitli  day,  of  a  proximal  row  of 
two  f4»r«il  c.art.i!agos,  nf  whicli  nnn  represents  tin-  tibiitlc  anil 
intpnitcdiiim,  nriil  t)ii.'  other  tlie  (SLuIiire  of  the  tvjiiciil  tArxus; 
and  iL  single  distal  cartilage,  which  showR  indications  of  its  for- 
iiiul-iun  from  t^bive  centj'cs-  At  a  later  stagp  the  proxinial  tarsal 
aurtilHgi'U  fusL-  togothor  ;  and  about  the  foiirteetitli  or  fifV^^nili 
day  the  jiroximat  tarsals  Turn  witli  tlie  distal  end  of  the  tibia  to 
fonn  tho  tibioTarsus,  while  the  diatnl  tarsal  cartilnge  fus^e  witJi 
the  metatarsals  to  form  the  tar.so-Di0tatarBUS. 

In  tli«  pea,  the  (irst  dig;it,  or  hallux, is ivprvsenti^  byuahott 
metatarKal,  of  which  the  ]>roximu1  eud  is  never  present ;  and  two 
I^ialaiigt^  The  second,  third,  and  foarlh  digib«  are  &p|iroxiiiiatc-ly 
etjiial  in  tsize,  having  vrelUforraiHt  mctataraala,  and  three,  foar, 
and  five  jihalflng^s  respectively.  The  fifth  digit  is  repreeented 
by  a  small  iioduit;  of  cartilage  on  the  outer,  ortibular,  iide  of  the 
proxiionl  vad  of  the  fourth  nietatar«nl. 

The  tliree  fully-develo]ied  metatAfaaU,  i.«.  the  iteoond,  third, 
aud  fourth,  TL-iuain  distinct,  though  cloaelr  apposed,  until  about 
the  begtnniug  of  the  ttiixd  wecl%  of  incubption,  when  they  fuite 
with  one  another  and  witli  the  distal  tarsnl  cartila^i*, 

DEVELOPMKNT  OF  THE  FEATHERS. 

The  feathers  are  formed  Uy  special  inodiGcntiuu  of  ibe  epi- 
dermal coverings  of  pii|itllie,  wliidi  ap[H?nr  as  [irojectioDs  of  the 
ekin  abont  the  eighth  day  i>f  inculation. 

Eiich  of  the  i)ennanent  feathers  is  preceded  by  an  embryonic 
or  down  feather,  the*  modf  of  dpTelopmcot  of  which  is  as  fotlowv. 
A.lx)iit  the  eighth  day  .iniall  conical  projeetioiu  of  the  skio  appear, 
lite  feather  papilUe,  each  conaintiiig  of  a  cential  core  of  nw- 
cular  couiie<ctive  tossae,  covered  by  a  ca[>  of  epidenuis.  As  tho 
papills  increase  in  htdght,  their  boara  become  duprensed  belotr 
the  geneml  surfiuw  of  the  skin.  This  deprwricm  is  most  marked 
on  the  surface  of  the  papillae  towards  the  tail  end  of  tho  embrjo, 
and  ^ves  rise  to  the  charncteriistic  liackword  slant  of  the  feathers. 
The  epidermal  cap  of  each  jiapilla  eonsisls  of  a  8U])er1idaL 
or  epitricliial,  layer  of  flattened  iwrcincut  cells,  nud  a  deeper  or 
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AtalpigluBii  !ayerwf  short  cylindrical  or  cabiot  coll*.  At.  first 
tlio  opidcrmnl  cap  is  of  uniform  tliick-noaii  all  over  ihe  ji&pilla; 
bat,  HB  the  |)npilln  loagthpnii,  the  inner  Burface  oUh»  epitlieliotn 
tliickfUH  uloiig  otTtiiiii  Iiiif:«,  H)  IIS  To  fonn  ridges  projecting  into 
tlie  papilla.  Tlie  thickening  is  cine  to  tho  fiwrnntioii  of  »  third 
or  int*nnediaiy  layer  of  celts.  «phericnl  or  polygonal  in  shape, 
aitd  lying  bt>twefii  thp  fpi trichiii]  nnd  JtalpigluaD  luyent;  am 
it  in  from  the  riilgvii  fornieil  iu  tLis  way  that  the  FeatHer 
developed. 

The  thickest  a.nd  befl  markfd  of  the-  ridges  nuis  hmgitadi 
tiatly,  along  tho  uppt;r  or  miU-Tiorsurfiiceof  the  pajnlla,  from  basft 
to  a]>f.t ;  wliilft  the  other  ridgta,  which  develop  in  ordffr  from 
the  ajipx  towards  the  hasp  of  the  papilla,  arts*;  from  tht*  .side«  of 
tltis  main  ridge,  and  ruD  very  obliquely  round  the  papilla  to  its 
lower  or  posterior  surface,  the  ridges  of  tho  two  Bidt-s  not  qoita 
inoeting  on  the  lower  surface  of  the  papilla. 

In  iMicli  ridgi*.,  wliich  is  tliuu  n  solid  rod  of  epitiielial  cella, 
the  outer  cells  become  L-vIongattHl  and  coniilicd,  while  tho  central 
or  axial  celhs  rpiuain  (-oiuparativL'ly  soft.  'Jlle  vascular  <x«nuec- 
tivu  liisftnc,  foniiiug  tho  core  of  the  papilla,  now  sliriuUn  away 
from  ita  apex.  Thtj  out«r,  or  epitrichial,  layer  of  tbi*  epidermis, 
which  merely  foi-tnii  a  ah^-aih  inclosing  the  papilla,  ia  cast  off; 
and  thi-  epithelial  ridges  or  rods,  which  now  alone  remain,  spread 
out  to  form  the  feather;  the  main  longitudinal  ridgo  becoiuJng 
the  shaft,  and  the  divei^ing  lateral  ridgea  tJie  barbs ;  while 
tninor  or  tertiary  ridges,  which  arise  Irani  the  barba,  give  rise  to 
tJie  hai'hules. 

Towards  the  base  of  the  papilla  the  epithelial  ridgoe  die  out., 
and  the  t-ntire  epithelial  investment  of  the  papilla,  incladiug 
both  epitrichial  and  Malpighian  l(iy<;rs,  becomes  coaverC«d,  by 
comifieation  of  if«  cells,  into  the  qnill  of  the  fe-nther,  which 
remfucs  0|iii;n  at  iUi  lower  end  for  the  admissiou  of  bluod-veesels. 

At  tho  lower  end  of  the  shaft,  iniiavdiatfrly  aliove  tho  qnill, 
the tnaia  epithelial  ridge  widenj;,  niid  the  two  sidi-s  bend  inwards 
towards  each  other,  and  ultimately  meet  to  form  a  tube,  which  is* 
continuouK  I«low  with  the  quill,  and  the  upp(^r  aperture  i>f  which 
persists  as  the  superior  iitnhilit-tiN  of  the  featlier. 

The  down  t'eathf^rs  do  not  involve  the  entire  lenf^h  of  tJie 
pttjHlIaj,  hut  only  thoir  distal  or  apical  portions.  The  bnsnl 
portions  of  the  papillas  sialc  deejily  below  the  sltin  ;  a  secund  B«t 
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tiF  ppithelinl  ridges  is  rurmed  un  Ihem,  and  gives  rise  to  the 
penaanent  featlwn,  the  derelopment  of  which  is  essentisllr 
Bimilar  to  that  of  the  down  feathers.  'W»  permanent  foathon, 
as  they  nK  developed,  g^mdually  niaki*  itieir  way  to  ttie  atirface, 
replnriog  the  dovru  fiMithers,  the  nutriliou  of  which  is  cut  off  by 
Furt]i«r  narroning  of  the  opening,  or  inferior  umbilicus,  at  tho 
base  of  the  (juill. 

Feathers  do  not  dovelop  iinifonnly  ovnr  tho  ontiro  Hurfacc  of 
th(7  body,  but  alimfi;  certain  definite  lines  or  tracts  spoken  of  aa 
pterylia,  and  Beparated  from  one  another  by  aak«d  areaa  op 
aptorla:  Dm  actual  arraDgenipntof  these  feathered  and  feather- 
less  patches  varyinj;  iM»Bii1i>raUy  in  dtlTercnt  groups  of  birdo. 


Lilt  ofUu  moTf  importata  Pvhtiealioiui  deatinff  tn'/A  lA/! 
(t'lvl&ftwHt  ofljir  CkieJk. 

f on  Ua«r,  K.  E. :    *  D«bar  Eiiti»kikeliuig*geB«blelit«  dcr  Tlilor*.'      Kunlgibtrgr, 

1MI8,  imi. 
Baltnur.  V.  U.:  'The  D«Tali>pm»Bt  anil  <lrowth  of  lt>«  L*7«rs  of  tfcv  Bloato- 

d«na ;  an^l  on  ibe  Dinpp«anuic«  of  the  PrinUlivB  Gtvotc  In  the  Enbc^o 

CblGk.'    QnatUirljr  Journal  of  Mtcroaooptcal  Sdaace.  voL  xlU.    1»T3. 
■  A  TraitiMs  on  CompttmUra  EtabijMtigj.'    1800-81. 
Baltinir,  f.  M.,  >n<l  Swlgtrick,  A.  :  -On  tlw  SxiMaaooof  a  HMd-kldiwy  tn  tlw 

Bmbrvo  Chick,  nnil   un  Ccitain   Pointm  In  the  Denlopmrat  of  tba 

UiUlprisu  Duct.'     Quut«rty  JourniO  of  Uicnsraploal  8ci«nc*.  vol.  six. 

ISTtt. 
ifo«r.  F.  U..  And  Dcfjititoii,  t^. :  ■  A  Rencvod  Study  of  Iba  QArmlnal  Laf^ora 

ofthf^Chiok.'  QaAncrlj-JounuilofUtcrMCOpiealfidMiM.tol.xxii.  IgSS. 
ISMud,  J. :  'Tbv  lirvotoptDdDtof  tlio  fcrlpboml  KoTTOOa  Sj«Uan of  VBt1«fanU«a,* 

Qoutetlj  Joujnkl  of  MIcnMcopical  Scleoee,  toI.  xxlx.    1S8S. 
BraadtiA. :  '  Utberden  ZaMauncnhang  ikr  GlaadnJ*  (npnUMiBU*  nit  dus 

Faronwlum  ivnp,  dor  Kpiilhtjoals  bei  Haiinam.'    Btologfaobaa  C«ninl- 

blatt,  ix.    1889. 
Uud^i.  A.:  •  Ont«imobiitifm  <bor  die  Katvloteclang  Att  Lymjihtjmenu  balai 

IKUmercatbrTO.'    Arobiv  fitr  Aiwtanlo  and  Bntwlckalung  m wctloh w. 

CaiBl.U.:  •A(|aelle£poqBeapparainentleaKxpBa*loiudnCeUulMNcn«ins* 

dateUoClbfiplnUrvdnPoalMl*    AoloMbrtur  Aaaritw.  t.    ISWi 
Ciuini  H.:  'Becbeicbw  AnatomlqaBS,  HbUloglqiui,  el  BrabiTolagiiiaM  ma 

I'ApjKrail  clMiriqw  dM  OlMaax.'    Aoaalw  dm  SdancM  KatvnUaa, 

atria  7,  tOBMir.     ISM. 
Cocin,  G.,ot  JKnuiltK.:  'OoDiiibutiotuil  I'^ludodca  lUUirt*  AlbanilaoUac 

dq  Bluto  a'lXaf .*    AiclunadoBtotogle,  Ix.    IW». 
Ooate,  M. :  '  llirtedra  (HsinUe  at  nutiouUtni  da  Mnhippmiail  Am  Om^i 

OtgiuiM*.-    Pari*,  ISIT-W. 
Datic  II.  B- ;  ■  Die  Snlwlcklaiig  dar  rodof  luxl  ilire  Beilcbangoii  in  andann 

InUsaBMBtscUUca.'    Mwphotogfaobot  Jahrbnct.  ar.    ina. 


sss 


THR  CHICK. 


I>«rt«r.  8. :  *  llie  8oaitt«>  Knd  Otolome  in  Um  Cbiclc'    AnslomiscfaeT  AnxeiKcr, 

vl.     l(«li|. 
Dsnl,  U. :  'Etudes  HUtologiqiMJi  «t  Uon:to1oclilim  sttr  In  Annera  do' 

Biii)>rr«n>  A'OHaoMx.'      Jouraal  de  rAiialomic  «1  do  U  Pti7«jobigl«,  zx. 

ISM. 

'  De  la  PorntBtion  du  Ulastodenae  dans  I'tEuf  d'OtMna.'    AbdbImi 

lies  Scicnoca  !Cfttiir«1l«a.  ataie  6,  teme  xvili.    18S5. 

■  Alios  d'Kiubrj-ntojdo-'     Pvla.     ]M». 
Kabiioios  al>  Aqua|ieiideiile  :  '  De  Konnato  Pceta,'  IfOO.    '  D«  FoRDBtkine 

FwtiM,'  \Mi.    Thr>  «trUoiit  diMcrijitiaiM.  vilh  SgrnrM,  Af  th*  0«*«lop. 

nramt  of  tlm  Cliick  »nil  utli«r  VeriebrntM. 
Folix.  W. :  '7.nr  Bnlwic'IcvlnnirvMdriclitc  d>er  Torslcn  dei   nUiBoheai.' 

AnnUmiieher  Ani«tf»r,  v.     1^90. 
PosloiT,  U-,  and  Italf-nir,   P.   M. :  *Tli«   Eleisuit)  nf   Emhr7nlog]t.'      SMOnd' 

ediliou,  bj  Sodgntck  and  Hwik.     1883, 
O&dow,  H. :  'On  thn  Modificfttionii  of  thit  FinlnnH  Smnnd  TiMrMul  Ardtra. 

wlUi  Mpoolal   Hoforeoco  to   t)io  Ili>in«1o|Ci«H  of  lli«  AodilMf  0)Mtel«».* 

rhil«Mphiv)U  TriuincUiiDii,  voh  l'».     1868. 
Qunr,  B. :  '  Dot  PrlmitimrBirMi  be)  rogelenbryoiMii.'    ItafbuT^.  1S78. 

■  Bdtriigc  lur  Emntnii  ilcr  VcgeUtcioufibeibo.'   Axrhir  (Ar  Atuit«inl« 
uud  BuiwiclMlDiigsgttfclilcliM.'    188:. 

Qerlaioh,  1.. :  '  LVber  die  enukleniutle  Ecidtchim^wuiM  d«r  ChonU  donalis.* 

BLoloid'chci  CnntnlbUtt,  i.     ISSl. 
<l«lowitw,  E.  -  'Hi"  If  r6r«lo)>i>nnieiii  ilu  S]-«(4n)e  QttDf,-Uoiiiudre  ctm  le 

Ponlei-'    AnalomiKchiir  AnKiitm,  v.     1890. 
HoU.  M. :  -  Uelier  clio  IU4r<iii|:  <)«t  Gixijlled^  Huliii*.'    *Sltsiiligiberie]itttd.k. 

Akndcmic  d,  Wish,  id  Wim,'  xcfJi.     18iH). 
Joboiioii,  Alice  :  *  Od  the  DeTalopm«Qt  of  Ihe  Pelvic  Glidle  Mid  Skolvtnn  of 

tii<i   Hind   I.liub  in   tfai:   Cbick.'     Qnnrtcrly  Jonrtiftl  ot   1k[l«ro«copiGA] 

Soieiiuu,  xxiii.    1S83. 
KutacheiLleo,  N. :  <  nns  SchlunditpallctiKobiet  des  H^bIlL^h^oft.'     Arcblv   Hr 

Aiuit«ime  uDil  KctricJceliuifnigDaoliiolitc.     18$T. 
KSlUkor,  A. :  '  Ennvicklunfr*K<F*abtohta  d«s  Menaclien  nnd  (l«r  lK>b«rcn  TtuOTC.* 

Lciiutii;.  1*^79. 
KowAlovF-ky,  R.:  '[">!<■  l)IManfi'<1crVrinog«nllnlaiila«yw(tl<aWolSWienfluigc)i)  , 

b«i  Uuliiioccuibrvoiieo.'     Warsaw,  167S, 
Lahomae,  E.  :  'Itectierchc*  xiir  rOntOKun^e  du  Cervelet.'    Ajoblves  ds  Bio-J 

logic,  viii.    mm. 

LlmaDer>  K. :  '  Dntorsualiungen  botrciflond  dia  EntwicklnugilM'  KtoamupMlton 

ImI  VertrRtern  dec  drel  obonrn  Wirbi-itliltuklniuior.'    SiltangsborioliM 

A.  Niil.-0*K-IUnhaft.     Dorpal.     Itiiiid  viii.     I8S7. 
Iilndta;,  Ikntiioc :  '  On  tliv  Avlim  Stvroum.'    Proocwdinfi*  erf  the  Zoological 

Sooletj  of  liondon.     1«SB, 
Macluiy,  T.  J.:  'Tlit^  Davelopiuent  of  Llio  Drnnchinl  .literiat  Arch«  In  [linls, 

with  iipnolal  Rnfcicnra!  to  tbn  Origin  of  tlic  Subdavianii  juiil  Curotidn.' 

Philiiiophieal  TtitnauctUins,  vol.  179.    lass. 
Hall,  P.  P. ;  ■  BnlwioketuQK  Act  Itmnoliialbofcoo  und  Sinlten  da*  llilhoobonii.* 

Arahiv  fiir  Anatomle  und  Giilwiclcvliiii^niiroachiolii^,      18S7. 

'Dcvr1o)>niriil   uf    Ihe  Kiuuiciliinn  Tube.    Middle  Ear.  Tyaipanio' 

Uembnee,  aiid   Meatnis  of  tha  Cliick.'    Studic*  ffoni  the  Biolo^iosl 

I.ab(imt«t7  ot  tbt!  Jobntt  nopkiiu  UniTonili]',  toI.  iv.     mSi. 


ucBUOoftApm'. 


S89 


ilnnUnll.  A.  UUnu:  'Un  Ibo  Early  StniiM  of  DevelefoDeiit  at  tht  Vervv*  in 

WrtU:    JuurnAl  ot  Ansloniv  aixl  PhyAOioff,  vol.  xl.  1877. 

■The  Drrelopracnl  of  the  Crwiikl  Nenwa  in  itia  OblcJt.'     QmActIjt 

Journal  of  MInrosMpic&l  8o1«tic«,  siiii.     1B7S. 

■His  UorpbaloKf  of  Ibo  Vcrtcbntti  Olfactory  Oi)pui.'-    linattcrlf 

Jtmmal  of  MIoiuMoplcai  Sc1bdc«,  six.     I  MTV. 
)[m*ta>>.  J.  -  ■  Qu'iibitiM  KMt*  nr  It.'  Mvnlaiipeinunt  da  Caiir  chct  U  Poulnl.* 

Aichivra  da  BiolufrSv,  la.     11(89. 
Mdiiiert,  K.:  '  UntemuchnoftM  Obnr  die  EntwickclunK  dM  Ob  p«lrii  dcr 

VGftel.*    Uorpholo^wbw  Jthrbkieh.  xiii.     I88T. 
ll«uron,  P.  de;  '  Knr  lo  D(Tc1ap|ieiDeiil  de  ITEiopho^-c'     Oomptea  ltci>4oii, 

luinc  lOS,     1884. 

■R««liftr«li(M  «ur  ]«   Dfvtl(i]ipanenl  itu   lli.vaiDM  ct  (tc  In  Qluid* 

Thyrufde.'     aonde.  l8Blt. 
MiluilkoTic*,  Q.  7.  roo :  ■  tiDMnmobaiijmi  4bei  dl«  Xmiwioklwu:  de«  Sara* 

nnd  G««QhlcchtMppant«  dtr  AmnlMoD.'    Iittetiw.  llaniit«clur.  AiuU. 

IIIxol.,  ltd.  ii.  iHHn. 
Uoldenbftner.  W.;  ■  Ok  Kntwioklung  iIm  mUUvroo  sod  dot  AnoMnn  Ohiea/ 

HorpbolngtoobM  Jhnrbnah,  iii.     18TT. 
Onodi.  A.  D. :  '  tTeU^r  die  Bntwidmlnng  dei  17111  ]«thiKiboi  Merren^ritenw.' 

Arclil'  fflr  RilkrcafcoplKittc  Anatoml*,  zzri.    ISM. 
Puder,  C. :  ■  Beili«K«  (lu  BBtwicUun^tpMfahditfl  d«a  HUmcheM  tai  El*.' 

Wttnbiirir.     lAlT. 
riuker,  W.  K.:  'Oii  tlii:  Strarture  and   Detclopoauit  ot  lb«  Sknll  ol  tbe 

Common  Kowl.'    PhiloMipbioal  TtUMMtioBH     1M9. 

*  On  ttiD  Hirnctan  and  Dereli^Nnent  of  ihn  Blid'i  Sknll.'  Tmn*- 
nOkiiu  ot  lliu  Uaseu  SooMy,  werim  %  Zoologr,  vgL  L     1*7$. 

*  On  tlio  SUnetim  ukI  OeTdopinoiit  of  Ihc  Win;  In  Ui«  Oonunon 
Fowl.'    PblloMphle*!  TmnMKtlon*,  IMS. 

'On  Uie  Horptinki^  o(  tlw  <litltlnno«m.'  TnuMtotiona  o(  Um 
LiDOMD  Sooivty,  MiiM  3,  Tnnlonr.  vol  v.     1 891 . 

■  Oa  tfco  VprUbrnl  Clisin  of  Blrda.'  IVweodiiiga  at  tbo  Hopt\ 
Sooteir.  *«!•  sIlU.     I8H». 

Rfcthke,  H.:  ■  Abhudluurea  nr  Blklung  und  KotwIcklnngigcaaUeliu  do 

UviMchvn  aud  d«r  Thi«n.'    LdpdK,  1833. 
Bnvn,  K.:  *  Ucb«r  die  oimudcnnfrelc  Sulk  In  'Ivr  KnImMibeibo  del  HDIlMr* 

«mbo'««''    Arcbir  Mr  Annioiaia  and  l[ntTli±«l<iij)nv**cl>Iclit«.    1B8C. 
Ileinnk,    R. ;   ■  tlntcrvuchiiagiio    Aber   die   Kttt«lelcoIiuig  dcr  Wlibelthlm*.' 

ttorlln.  IdU- 
Uedy^wiok.  A. :  *  DwatopOMittt  of  th*  Ki<ln«r  ■»  ■>«  Rvl^tlon  10  tbo  WoMInn 

Body  ia  the  Ohiek.*    QnuUrlr  Juanutl  of  HIctMKoplod  Selenoe,  ix. 

1990. 

■  On  tbe  Dc««lopi»e«l  ot  (be  Sunctarv  knnwn  » lie  QIaiMralM  ut 
ifae  lIoul-kidnDy  in  Um  l^hick.'  QMrtciljr  Jonnwl  of  HlenMO|tel 
Solmc*,  zx.     18B0. 

*  On  th»  Bju-1;  Dvvclopmant  <>f  tbe  AnUrkir  Put  nf  ihn  Walfflu 
Doct  and  Body  in  tb»  Chiok,  toicotlMir  with  tnmf  Remarks  on  tbe 
Itxcntorj  Sfitem  ot  the  VmlebratA.'  QaAKerij  JoonuU  of  illao- 
noploU  8denc«.xil.     1881. 

Smiion.  R. :  ■  Dl*  litdiffawnta  Anlafa  der  Eelntdrfiaen  beun  UflbnolMa  md 

IS 


840  THE  CRICK. 

ilirc  DifferenziruD°:  znm  Hoden.'    Jenaische  Zeitschrift  furNatarwuisen- 

Bchaft,  Band  ixzi.     1887. 
Shore,  T.  W. :  '  Notes  on  the  Orit^dn  of  the  Liver.'    Jonmal  of  Anatotnjr  aad 

Phyaiologj,  vol.  sxv.     1891. 
Shore.  T.  W.,  and  Piclceriug,  J.  W. :  '  The  ProamnioD  and  Amnion  in  the 

Chick.'    Journal  of  Anatomy  and  Pbysiologj,  7ol.  zxiii.    1689. 
Stnder,  T. :  '  Beitra^e  zur  EntwicklongsKCSchichte  d.  Feder.'     Zeitschrift  fur 

wis^nschattliche  Xooloirie,'  m3.     1878. 
TJekon,  N. :  ■  Die  Blutgefas.'tkeime  und  dcren  Eotwickelung  hei  eittem  Huhner- 

enibrjo.'     M^moircs  do  I'Acadfmie    Impfriale    dea    Sciences  de  St. 

Pfitersbourg,  airie  7,  tome  xxxv.     188". 
Vialleton,  L. :  '  D^veloppeuient  des  Aortes  chez  I'Embrjon  du  Poalet.'    Jonnial 

de  I'Anatomie  et  de  la  Pbysiologie,  xsviii.     1892. 
Wijhe,  J.  W.  Tan :  '  Teber  Somiten  und  Ncrven  im  Eopfe  von  Vogel-  and 

Reptilien-embryonen.'     Zoologischer  Anzei^'er,  is.     188G. 
Wolff,  C.  V. :  •  rheoria  Gene  ration  is.'    Halle.     1759. 

'De  Kormatione  Intcstinorum.'    Halle,     17<18-G9. 


841 


CHAITKtt    V. 
THE  DEVi:iX)PJlENT  OF  THE   RABBn". 

PRELIJtlNARY  ACCOUNT. 

TiiK  rablnt  may  coareoiently  be  taken  a&  a  trpicat  member  of 
th<>  MaiiiiiinUik  tho  highc«t.  gron|)  of  \Vrtr1)r&te». 

MiuiimalA  difler  notably  from  thv  animals  tiealt  with  iu  the 
pn-vious  chapter  in  beiiif;  vivipnronit;  thatia.  in  liriD^iiit^rortJi 
tht'ir  rouQg  nlire,  instciad  of  litying  eggH.  Thi«  <1if!«<n?ii<-c>.  t  bough 
■t  tiM  sight  a  strikiitfir  one,  is  renlly  uf  but  wcoudarr  important ; 
»D(1  (he  actual  processed  of  ilrvi-lopmcnt  of  tJi«  Momm&l  ore 
effected  in  the  Mme  way  a»  in  thf  ovipi»ix>R.t  Vi;rtebrat«e. 

Amphiatas  and  the  frog  lay  th*ii-  oggs  in  water,  and  the  pgga 
arc  not  even  fertilised  iiutilthpy  have  left  the  body  of  the  mother. 
In  (h<f  Bird  tJir  vgg«  nrr  ftTtilised  iu«  tl)«y  Irave  the  ovary  and 
entjer  the  oviclHct,  and  tlie  earlieot  atngM  of  derelopment  are 
eflecteddui-iiigthe  paeaageof  tbaegg  downtbeov'iOuot;  th«  i^ 
at  the  tiinn  111' laying  having  already  been  developing  foreoghteen 
(ioun>  or  more,  (lowever,  altliongh  development,  In  the  caiw  of 
the  bird.  (yiitiiii>>ncfs  while  the  egg  is  still  within  the  parent,  it 
is  only  thf  pariiest  phasea — g^mentation  nf  Uie  ^g  and  the 
estaUishinirni  of  the  gonninnl  Inyem — that  are  effected  in  this 
position ;  th<>  romiation  and  di>vel»pnieiit  of  the  embryo  itself  not 
cominenring  until  aftiT  the  egg  has  bi;en  laid. 

In  the  Mammal,  on  th«  other  hand,  tlie  oruni  is  retaiiieij 
within  tlio  oviduct  aiul  titfruH  nf  the  mother  for  a  verj-  mach 
I<iogLT  time  ;  and  the  whole  embryonic  development  ucomplrted 
before  leaving  the  parent ;  tbe  yoang  Mamtoal  at  the  time  of 
liirtli  being  fully  funned,  and  of  considerable  nui,  though  not 
yet  til  for  indep<>iident  existeiioe. 

The  rabbit  embiyo,  tike  tbAl<  of  other  animalii,  is  developiil 
tram  an  ovnm  or  egg,  which,  aa  in  other  animals,  is  a  single 
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naclentt^d  cell,  uf  e|>ith«lifU  origin.  Tliis  ovuru.  aAcr  being 
r<<rtilisf(l  bv  a  si3eiiu«t«zooa  froni  the  male,  undergoes  oetl 
iliviaioii  or  segDientation,  which, iu  in  tliobirc),  iticBected  during 
the  {iU(i«a>;o  of  the  ovum  along  the  ovidact.  Ou  roachiDg  tbe 
utPTDfl,  nhinh  la  Eim[i[r  the  diatal,  enlarged  end  of  tbe  oridart, 
(Jie  ovum  halts,  becomes  fixed  to  the  wall  of  the  at«roa,  aiid  tlnjre 
remains  during  nil  the  further  stagei*  of  development,  up  to  tlie 
lime  of  birth. 

The  ricliial  detiiU  of  development  of  ihe  rabbit  embryo,  the 
■nodt!  of  formation  of  its  varioue  organs,  aod  «von  the  |inipor- 
tioiui  of  the  sevei'al  parts  and  the  order  of  their  appearuutt*.  an* 
leseentially  the  same  iw  in  the  ctiick.  TIii-  moet  noteworlliy 
point  of  difference  is  the  exceeding  slowueas  witli  which  the 
earlier  i^tiigw  are  passed  through  in  the  rabbit. 

The  entire  jieriod  nf  developmmt  of  the  rabbit,  from  the 
dischnrgo  of  tho  ovnm  fit»in  tho  ovary,  lo  the  hirlh  of  the 
yonng  animal,  occupii's  thirty  days.  Of  this  time  the  first  thre« 
days  are  spent  by  the  egg  in  pn.sHing  domi  the  oviduct,  and  in 
undergoing  segmentation ;  and  it  is  not  until  the  seventh  day 
that  thi!  first  trace  of  the  embryo  appears:  tlio  rabbit's  ovuru 
at  th«  end  of  the  seventh  day  being  in  u  cnnditiou  ctoaely 
correfipoudiug  to  that  of  the  chick  iibonl  the  end  of  the  first  day 
of  inciil)atiou  (_ef.  Figs.  107  and  IW).  From  tliia  time,  ilevelop- 
ment  proceeds  mncli  more  rapidly,  at  about  the  same  rate  ok 
in  the  chick,  a  twelvf-day  rahbit  rmbrj'o  (Fig.  161)  correajxmd- 
ing  cloiiely  in  struclun?,  tnid  in  ai'tuttl  me.  willia  fivt.— <lnv  cluck 
embryo  (t'ig,  115). 

The  eggs  of  the  three  animali  dewribed  in  the  previnos 
clmpt.'i-8  diffwr  very  greatly  in  siag.  Tbftt  of  Ain]>hioxus  has  a 
diameter  of  only  O'l  mm. ;  the  frogs  egg  measures  about 
1*75  mm. ;  and  tlie  yolk,  or  tnie  ovum,  of  the  hen's  »gg  about 
3l>  mm. ;  i.<!.  in  round  numbers  the  frog'a  egg  is  5,0UO  times, 
and  the  henV  egg  27,000,000  times  the  hulk  of  that  of  Atnphl- 
OEOs.  It  hoi  been  alroiidy  fthowii  that  tlte  dimenHioua  of  th<^ 
jegg  are  cliicfly  governed  by  the  anionnt  of  food-yolk  which  it 
iteins,  and  thnt  tlie  size  of  tJie  young  nuinittl  on  leaving  the 

is  dirvctly  dependent  on  the  ammuit  of  this  foo<!  material ; 

tadpole  on  hnldiiiig  being  far  larger  than  the  Amphioxas 
larva,  vrliile  the  chick  on  leaving  the  egg  vastly  excei.-ds  thi* 
tadpole  in  bnlk. 
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>'roTn  the  large  sixe  of  the  jroDOg  rnbbitnt  birili  it  might  be 
iaferred  that  the  rabbit's  ova  or  e^[;g8  w«re  larg^.  Tliis,  howerer. 
i«  not  the  cose  ;  the  egg  of  tbe  rabbit  is  really  very  small  indeed, 
nod,  ai  tho  time  it  Icnvea  tlic  ovnnr,  measuros  only  01  Iti  mm.  in 
diaineler,  i.e.  a  pradicaMy  the  »ime  size  n»  the  ogg  of  Amphi- 
oxae.  And  ouly  »  ttfteentli  the  diameter  or  ihti  frog's  (^. 

it  16  clear  th&t  this  very  bihoII  <>^)(  could  uot  develo])  into  nii 
snininl  the  9.w  of  a  cabbit  at  birth  nolens  it  rMeivtHl  &  vt^ry 
piffatifiil  supply  nf  nutriment  from  without;  and  iDaamuch  as 
tlie  whole  iiicreafift  iit  1>ulk  takes  phiou  H-hiI«  tiie  embfyo  ix 
within  the  uteni§i,  it  foltowa  thut  there  must  be  some  ftiraoge- 
metit  in  the  titenis  for  supplying  it  with  Ibod. 

1'biB  is  elfccted  by  meoas  of  u  Hpcciii)  orgtui  knunu  iu>  tbo 
placenta,  in  which  blood-veasela,  derived  from  l:hf  embryo  and 
froin  the  mother  raepectividy,  lie  eide  liy  side  in  very  clow  and 
Bxton8ivecont4»ct  with  one  another.  The  twosetAof  blootl-vc««lft, 
ftetai  und  matiTmil,  itre  ili«tinct,  but  iuterchaage  of  llntd  and 
gBS4N)Ua  eontentti  tAkeu  (ilnee  readily,  by  diffaition  tiirongli  their 
thin  walls,  Hud  ill  ibis  way  the  blood  of  the  «mbr>'u  receives 
PBtrient  nintter  from  the  blood  of  the  mother  during  the  whole 
period  of  geslalion. 

The  placenta  is  formed  prnetirally  by  th<>  nltanlois,  which 
derelops  as  an  outgmirtli  from  tht>  aliuienlary  caoal  of  the 
embryo,  and  which  at  an  early  period  becomes  closely  attocbed 
Ui  the  wntl  of  the  uteriia  of  t-he  mother.  Thi*  l>lnod-ve«sel*  of 
the  allantuis  an;  as  ia  the  chick,  dinvtly  voutinuuuH  with  those 
of  the  embryo;  aiid,  by  the  outgrowth  of  vascular  [ii-occnnco 
of  the  ailaiituis  into  the  walU  of  the  uterus,  the  veesets  of  the 
ombiyo  are  brought  into  intimate  relation  with  the  largv, 
dilated,  and  verj-  tliin-walled  blood-v««el»of  the  uterus  itaelf. 

Although  tlit^  eggH  rif  tlie  rabbit,  like  ihoee  of  uearly  all 
other  Mammals,  are  very  snmll  indernl,  yet  in  tlie  mode  of  their 
development  they  agree  in  wvKml  re«{N?ct«  with  the  Inrgt-  e^^ 
of  the  biril,  rolln-r  thati  with  tlu'  Hnialler  ernes  of  th^^  fi-og,  i>r  of 
Amphioxti^.  A  largo  yolk-t^ar,  fur  inslanre,  is  fomietl  from  llie 
rabbilV  ovum,  nltlHmgb  it  cuutaitis  no  food  materia)  whatever; 
the  embryo  appears  in  the  middle  of  the  bloHtodemi.  and  there 
i#  a  well-marked  primitive  streak  present;  while  the  fonnnlioti 
(if  the  amnion  and  allnntois  aiv  further  points  of  reaeniblance 
wiUi  the  chick,  and  of  diffcreuoo  from  the  frog  or  Atnphiuxas. 
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TheM  and  otlier  fontarei)  in  tiie  development  of  Miiinmnls,  which 
will  lie  dMcribed  mom  fully  Inter  ou  in  tim  cfuipti^r,  are  beet 
explained  by  aujipoain}^  tbat  existiuf^  Mammals  are  descended 
from  forms  in  wliidi  a  gi'oat«r  amount  of  vtAk  was  pKMnt,  and 
in  wliich  tlie  pggs  Wf  iv  coiisi-qurntly  of  larger  mzo ;  and  thai, 
in  oooordaitce  witli  thi-  Reciipitulatiou  TLeory,  exielinji  MuuimaU 
have  conaeqaeotly  an  in}ipi-it*>(l  tondunoy  to  develop  ltft(^^  tlu' 
maimer  of  forms  with  lai-jfc  eggs.  The  lowest  gnmp  of 
Mumtnals  now  Uring,  tli«  Moiiotreines  of  tlie  Austmliun  mgiou, 
ikiVonl  strong  evidfnce  of  the  truth  of  thia  view,  as,  unlike  other 
ilaromals,  they  am  oviparous,  laying  eggs  about  tlm  eizo  of 
olive)*,  nnd  chigcK  rmcitililing  the  eggs  of  many  Ileptilea. 

TIki  young  rnl>bit.  at  birth  litis  not  yet  i.i>inplet<^)  it»dovfito|H 
ment.  Its  eyi»)  are  cIoskI,  like  a  kitten's ;  and  it  ia  qtdle 
incapable  of  obtaining  food  for  itself,  heing  ilefiendeDC  for 
a  time  on  tlie  supply  of  milk  afforded  it  by  thi'  luanunaiy 
glands  of  tlie  iiiotlier.  Wing  the  won!  ge.stiition  far  the  whole 
period  of  development,  from  the  first  sppeai-aucc  of  the  ombryo 
to  the  time  when  the  yomig  animal  bpconies  capable  of  indepen- 
dent existence,  two  st«(ix-s  nmy  i>v  iltKtiiiguishei)  in  it:— (ij 
uterine  or  placental  gestatian,  wlii<'h  comprifieii  the  period  ]irior 
to  birth,  during  which  tho  embryo  is  nourished  by  oemoCtc 
inttirchaiigee  betirecn  its  blood  and  that  of  tlie  mother;  and 
(ii)  mammary  gestation,  which  emhrnoeii  the  period  after  birth, 
during  vrhicli  the  yuinig  animal  i»  nourished  by  the  inilk  yielded 
by  the  mother. 

Ttie  relative  lengths  of  thejtu  two  pcriodtt  \iiry  greatly  in 
diSert'Mt  Mammals.  In  the  Mareiipiab.a  lowly  organised  group, 
the  uterine  gestation  ia  very  tthort,  the  young  animal,  as  in 
the  kangaroo  or  opossum,  being  born  at  an  early  stage,  of  amall ' 
siiie,  and  very  imperfectly  developed  ;  while  in  the  higher  Mam- 
uiala  the  period  uf  uLfriue  gestatiun  in  a  iiiMch  longer  one,  and 
tho  joung  animals  at  birth  are  of  larger  size,  and  more  cotn- 
pletety  formed. 

THK  EGG. 

1 .  Fonnatioa  of  the  Egg. 

To  study  tto  mode  of  fonnation  of  the  ova  In  the  rabbit  it 
is  necessary,  mt  in  the  cliiclc  and  frrjg,  to  lake,  not  iidnlt  animals 
nor  even  m^w-born  young,  but  embrj'os  at  an  early  Btiige  of 
development. 
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lb  A  rnlibit  einbr^-o  of  about  the  eleventh  day,  b  pair  of 
ridge-Hk«  thiokeniiigii  of  the  peritoneal  epithelium  ■ippesr,  doM 
to  Che  nieseutery,  and  a\oag  tlie  timer  sides  of  the  WolfTmn 
bodiofl.  'I'hei^e  genital  ridges  (Fig.  l(to,  GK)conatitate  tli4> eai'lieat 
stage  in  the  devt-UipineTil  of  the  ovitriea,  aiid  are  at  iirst  caused 
merely  by  an  altvnition  in  the  ahiijw  uf  the  cpitlii^liol  ccIIh  of  llio 
{wrttoneutn,  which,  elio-wheii^  Hatti^noil,  lieomic  hcn.>  odlmnnitr, 

'Jlie  gcnttjil  riilf;r<^«  soon  b^com<?  inope  prominent,  partly 
through  ftn  increaw  in  the  tbickness  of  the  epithelinni.  wliicli 
beooinns  two  or  tlirct'  cfUs  lU-ep ;  and  pm-tly  tbruugli  tlie  in- 
growth into  eAcli  ridge  uf  an  axial  cure  of  L-nuu&ctii-e  tisane. 

Tlie  lanital  ridge  (Kig.  165)  lies  very  clog*  to  the  VVoIfliaii 
body ;  u»d,  nhout  thc^  fourtt-onth  duy,  ralid  columns  of  cells  grow 
ont  fntm  tin-  Mnlpighiiui  )iodiv«  <if  tin-  imtt-rior  end  of  tho 
Wolffian  body  into  tJw?  ridge.  'Jlieee  columns  of  cells  form 
what'  18  called  the  tubulifei-ouH  tissne  of  thf  ovaiy  ;  in  tlie  early 
•tages  they  occupy  idnu)<t  tho  wholv  of  tho  nx'vtl  part  of  thii 
genital  ndge,  hut  ns  development  proceeds  tliey  gradually 
become  le^  couspicuou:*,  and  withdmw  rnoreor  li'«^  coiuplelt'ly 
fifom  tliv  ridgi;.  Tbey  have  oothtiig  whntever  to  do  with  ilte 
fontintion  of  the  ora. 

In  a  rabbit  embryo  xf  the  eigliteenth  duy  th«>  genital  ridgos 
have  grown  constderobly,  and  project  into  tlie  Ixhly  cavity  aa  a 
pair  of  loDgitudiital  foId»,  close  to  the  attacluncnt  of  tJ>e 
int'tn*n{»'i-y  to  the  dorsnl  Iwjdy  wall.  Each  ridgi>  is  covered  hy 
tho  germinal  epithelium,  which  cuneiBta  of  two  or  three  hiyersuf 
cells,  tbe  otitenuoAt  of  which  are  columnar  in  fliape,  while  the 
mora  deeply  p)&ced  oui-s  an*  more  or  lei»  spherical,  'llu  contral 
part,  or  cori-,  of  the  genital  ridge  ik  made  up  almost  entirely  of 
the  tDbulifvrous  tiuac,  with  numerous  blood-ve«»el8  and  a  omall 
amount  of  conntsetive  tii>sue.  ' 

Ity  tbe  twealy-aeooiid  day  the  genninnl  epttlietiuin  hat 
inrn-ased  coDBiderobly  in  thiclcaeas;  atid  atnong  the  cclU  of 
whi;.'li  it  couFiirtta  arc  some  of  largrr  kim^  lliaa  thr  Tv»t,  theae 
larger  cells  tx^ing  tho  primitiTe  era.  Ky  the  tn'onty-eighth  day, 
!>.  about  two  days  lx.-fort*  birth,  the  genital  ridges  are  still 
larger  ;  ihe  germimd  e]Hthriium  covering  their  eurCncc  is  much 
lliiclcer  than  hcforf',  and  itd  deeper  layers  are  honeyoombMl,  or 
bn^en  up  into  irregular  columns,  by  ingrowtli  of  the  VMCuIar 
ooonectire  tiuae  from  below. 
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A  tliin  layer  of  L-unnective  tiuue,  tli(>  tonicft  albsginea. 
ext«iid8  parallel  to  tlie  aurfHce  of  the  Ov&ry,  ami  diridi-s  the 
germinal  epitbclium  iuto  tn-o  almost  completely  6eparate  layered 
u  thin  tiiid-r  layer  orcoluQiQnr  oelk.  in%i?i«ting  the  outpp  flu 
of  the  ovary ;  Had  a  miicli  thii-kiT,  dcepci"  Uiyer  o4'  split-i-ical  oel 
brokeii  up  into  Deats  by  the  connective  tissue  ])artitiona.  In  tj»e 
f^rminal  optthoUum,  aiid  more  especially  in  its  outer  lay*T,  tin* 
primitive  ova  j»re  conspicuona,  as  individual  i»pithelial  cells, 
touch  largwr  than  their  neighbours,  and  asually  spherical  or 
[Kjljgoiiul  in  sliupe,  withlurgi-grunulur  nucVi.  The  tubuliferous 
tissue  is  etill  prestMit  along  ihe  axis  of  the  ovary,  but  now 
occupies  n  relatively  nipch  smaller  spai-e  lliau  before. 

The  permanent  ova.  Four  or  fivo  dayx  aRer  btrib  of  the- 
young  rabbit,  the  gemntukl  epith(<liiiin  andergoes  further 
chau^es,  tiinrking  the  establishment  of  sexuulity,  and  thi-  con- 
vereion  of  the  genital  ridge  of  the  embryo  into  the  defijiiia 
nvary. 

'Hiw  c-liangeH  consist  esawntially  in  the  formatiou  of  per- 
iiiauviit  ova  I'l'om  the  priiuitive  ova,  and  occur  iu  the  rabbit  in 
iiiucb  the  eame  way  as  in  the  chick  or  tadpole.  The  nudetu, 
or  gerniiiml  ve^^icle,  iiici'eaNcs  in  size  and  becomes  r«eiciilar, 
acquiring  a  verj-  disttner  nuclear  ini-m brace  ;  the  nuclear  con- 
tents nullt^ct.  to  one  spot.,  where  they  form  n  ^anular  mass, 
from  whicli,  by  brancliiug.  a  dotinite  reticulum  is  established ; 
and,  tiually,  bue  or  more  of  the  Lodal  pL>ints  of  the  reticulum 
enlargi.-^,  to  form  the>nuch-oli  or  germinal  spots, 

The  oth<-i'  cells  of  the  gi>rminal  •'pitliolium  liavf  .tmall  nuclei 
and  soon  iinnnge  theiiiKelves  in  a  more  or  Ifss  detinile  manner, 
w  0^  to  forui  folUcleB  surrotindiiig  the  permanent  ova  (Mg. 

At  Hrst  (Vig.  133,  oz).  «'ach  nest  of  epithelial  cells  may  oou- 
luin  wveral  permanent  ovn.  but  an  development  proceeds,  and  as 
I  he  fiilUch-  ccUa  become  niorn  definitely  arranginl  aixpund  tin* 
ova,  the  Oi-st  s  are  broken  np  by  further  ingrowtli  of  the  vascular 
connective  tissue,  and  the  separate  follicle*  itiohled  from  one 
anotht-r. 

Although  it  appi-nrs  to  he  the  mle  in  the  rabbit's  o\-ftiy  that 
each  ])rtmiti\e  ovum  should  become  a  permanent  ovum,  yet  this 
ia  by  no  menus  always  t  he  cnae.  Sometimestwoor  mure  primitive 
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ova  liiBo  togi-tlier  tn  fonn  n  bi-nitcli-itr  or  polv-nti elisor  niao*,  in 
which  nl)  Uic  Ducl«>i  but  one  may  (lisa]>|i«ar,  tin-  hnud  nOH 
with  tJir  nnimiriiiig  tiuclous  becoming  a  pennanentoTuiD  ;  while 
in  other  cases  it  is  stulpJ  that  afirr  ti  follicle  has  bei-n  TornivJ 
round  the  fused  luas*.  th>-  t'litire  ma^i,  with  the  Iblliclc,  tn&y 
divide  into  two  or  Dion<  peniiajieut  ova. 

Tbi-  dt'vtflopmeiit  of  tlie  peniisnviit  ot«  proceeds  (Wni  the 
ttnrfoc«   of  the   ovarjr   townnls    itn   dovper   part«.     In    young 
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>1a.  133.— BM<i<-ri  tKnta^ti  (mrtof  tb«  ovary  ut  an  Adult  IIuU>U.  Tlin  >«etlon 
is  lakva  Tprtlc*!  lo  (lie  surfaio«  o(  Ibc  ixnuj,  •nil  nbows  one  fallj'  funned 
OfwJIaa  fulllcl«,  and  ol\im%  In  VHrioiM  Macm  ot  dwalopwaiit.      •  ft<>. 

OA.  foUloln  (wtl<  uinnnMIni  «i  oniiii.  QB.  ^ff  ^yrtf  OfMkU  (ullll4(L«r 
>  MDln  inuulo*.'  OU.  Iniiir  lijirt  vf  <ln*aui  Mnth^  «r '  ilMnu  |«»llflcr«h'  OK. 
(aviij  .4  lintXua  ''AlrV.  QILouu*  kvn-  n(  ivtoiBnM  vi^UirlW  nUi^  laiwMu  Ik* 
<nwT.    OW.>iiw<.    OT.  t«<B>>'>v>"i>^    OS.  ■•«*ai*{raiMian0t4*rlTaalrw>i 


mbbits,  aboat  n  iv>-«k  after  birtlt,  the  surface  epithelium  of  tho 
I  onrj  contniiiJ*  nuiiirmii^^  primitivo  <i\-ft  in  pr<x^-«s  of  fortnatiun  ; 
dM>i>er  do»-n.  bciifath  the  tunica  albugiiiea,  ar«  unit*  of  ep> 
tbelial  cells  io  which  are  permanent  uva  in  tlie  mr);  eta)^  of 
their  formntion,  surrounded  by  imperfectly  formed  folliclce ; 
while  still  hiwt-r,  in  the  di-ept-Jit  purls  of  the  gi'nntnulcpithrlinni, 
iJie  neflts  art<  iu  many  pla(\>»t  bt-okt'u  up  inUi  isolated  fullicleA, 
each  cuDtaitiing  a  Inr^  and  well-formed  pernnmeiit  orum. 
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2.  The  Graafian  Folllclei. 

Koch  folHcli'  consists,  at  first,  of  a  tiinglo  layer  of  cvIIm 
sniTOuiidiug  an  ovum,  the  cells  betug  derived  directlj  frotii 
the  geriuiunl  e})itl«-liii in,  and  l><-ing  tlierefore  niorpholotficatly 
compui-abli>  with  the  ova  tlipmst-kv*.  Very  shortly,  each  fullicli- 
becomes  two-layered  (^'ig-  tS3,  fiA),  th*-  second  layer  appe&i'in^ 
witliiu  tlic  tirst  ouv,  bctn-c<.-n  this  iiud  the  ovum.  As  tu  the 
origin  of  this  aecoutl  layer  of  fullicular  celU  upinioDB  differ  ;  it 
is  generally  hold  to  he  fonncd  by  divieion  of  tlie  oell«  of  the 
originally  lunglr  layer;  hut  iwine  iuffRtignturA  maintain  Uiat  it 
is  derived  fiviri  ihv  uviim  it-si.-lf. 

Immediately  around  the  ovuni,  between  it  and  the  inner 
Ukyer  of  follicle  wlls.  n  tliick  non-eel  I  iilar  Iiiyer.  with  faint  rmiial 
:<lrial.ion»,  the-  tona  rodiata,  is  ibrmLtl,  itppareiitly  a*  a  caticiilur 
soei-etion  from  eitlier  the  ovum  or  the  follicle  cells.  Tolk- 
graiinles,  elalxirated  by  the  follicle  cells,  accumulat*  within  the 
Qvutn,  which  coueetiuvntly  inci-ensi.'rs  in  size. 

Th«  foliicU*-  ceWs  increase  rapidly  by  ccl]-<livi»on,  no  that  thi? 
follicl(>  scMwi  becomes  several  cells  thict.  The  0tit4>r  layer  of 
cells  now  giMwa  mach  more  rapidly  than  tlw  inner  layer.  »o  tlint 
a  ej)nce,  aoint^A-hat  cresci^nliu  in  m-ct-ion,  and  titled  with  flnid, 
appears  bi't  wveii  t  he  two  layers  (Fig.  1  -i-i). 

By  furthiT  growtli  of  the  two  lajoi-s,  the  fidly-formcd 
Graafian  follicle  (Fig.  1:1U,  gk)  is  «»tAbliehed.  Thia  conaista  of, 
(i)  uii  uutfi-  layer  of  foUiciditi'  cells,  OH,  an-nnged  thr*e  or  four 
eoIlH  di'L'iJ.  nnil  inve»>ted  by  the  vascular  connective  tissue  of  the 
ovary;  anil  (ii)  an  inner  layer  of  aimilnr  cells,  tfC,  which  cloeely 
jnvfstK  I  lit-  uviiin,  ow.  'I'lnn  iiinrr  luyi-r  is  iittncheil  to  the  innvr 
surface  of  the  follicle,  with  which  it  is  also  connected  by 
irregalar  rndiating  atranila  of  follicular  cells,  well  shown  in 
Pig.  lyS.      The  cavity  of  the  Graafian  follicle  is  Klk-dwith  fluid. 

Tht'  ripi'P  egg-foilicIeB  lie  at.  first,  as  noticed  above,  in  the 
deeper  partd  of  till- ovary ;  but  om  llw  Graafian  fblliclea  eulnrge 
they  gradually  extend  nearer  and  nearer  to  the  surface,  and 
when  fully  funned  cause  roundi-J  pKijections  on  the  buHaci;  of 
the  ovary  (i'ig.  13^).  This  enlargement  of  the  Gra&fian  foUides, 
with  accompanv ing  ripening  of  the  ova,  occurs  BOOCeosivelj  in 
difl'ewiit  parts  of  the  ovary,  so  that  there  are  never  more  than  t\ 
limited  number,  hiilf  a  doiten  or  so,  of  ripe  Grti*fion  follicles  at 
any  one  timts  in  a  p%*en  ovarj*. 


THB  ORAAPUN  POLUCLES. 
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Hnriiig  tvached  its  fiill  aiiEe.lli^  Gnnfiftn  follicle  ruptarra  at 
itM  most  prouiiui^iit  pnrt,  nwl  tlie  uviiiii  is  ilucbargetl  nn  iJie 
eurbce  of  the  oraiy,  from  nhicb  it  is  Donusllj  taken  up  at  ooca 
by  the  fimbriiitwl  moulb  of  Ibe  oviduct,.  After  discharge  of  the 
uvuiii,  the  walls  uf  tW  Gmaliuu  folliclf  uiidergn  a  serimof  curioas 
chaii){V8,  wliioli  will  be  more  fully  described  in  tbe  cbaptur  dcul- 
ing  witb  the  liiimai)  timbr^o,  nnci  which  rwalt  in  the  romiation 
iif  the  oorpui  lutaum.  n  body  which  di^nppeara  early  if  the  ovum 
is  Dot  fvrtilisvd^  bat  which,  if  tlie  ovum  is  fertilised  and  develo|ie 
into  an  embryo,  persists  in  th»  ovary  during  the  whole  period  of 
devftlopmeot .  utid  Ih  i-ven  rwogni^nble  nt  th«  tinio  of  birth  of  the 
youug  mbbiL 

Of  Ihvtwo  layt-rs  of  the  Graafian  follicle,  tin- outer  (Kg.  133, 
iir)  iH  sonietiiiK'B  spukcn  c«f  an  th<.-  tunica  ^anulosa ;  ami  thi^i 
iniier,  OC,  as  th<*  discos  proli^ruB ;  theKe  immt^.  Iionrover,  and 
especially  tbe  latter  one,  ure  IfOtUy  chu^i^u,  lud  it  will  be  well  if 
thev  drttp  out  ijf  use  aliogetiier. 

The  ovnm,  Burrounded  by  (he  iniior  liiyer  of  the  Graafian 
follicle,  may  be  attiiched  to  any  part  of  tbe  ooter  layer  of  tlw 
(bltictc  :  it  not  un»iinitionly  lies  at  iJie  side  noan.-t't  rhu  surfacu 
of  iha  ovarj*,  but  it  may  occur  at  tbe  oppoeite  or  <leepi*st  i^rtof 
Uie  follicle,  or  at  any  other  part  of  its  inner  snrfiw:!*. 

The  RieaoiDg  of  tbe  Omatiait  folUck-  has  beeQ  niach  debated  : 
the  most  probable  i?xplanati<>u  i«eenu(  to  be  that  it  ia  in  some 
way  associnted  witb  ibe  great  diminution  in  <iizt>  which  there  is 
stnmg  rewun  for  thinking  that  the  ovum  has  undergone  during 
tlie  evolution  of  the  existing  typi'S  of  Mntnmals. 

3.  Maturation  of  tbe  E^g. 

Tbn  niMileus  of  the  ovum  is  at  first  centrally  placed :  but 
scnne time  befori*  the  Gmnfinn  follicle rrache^  iU  full devi^opment, 
tlie  ntKtena  mores  towards  the  surfuce  of  tbe  miitii.  The  exact 
cbangos  that  then  oi-cur  bare  not  been  determined  witb  certainty 
in  thi*  cJiAe  of  the  mbbit  :  so  far  a*  they  are  known,  they  agree 
eloeoly  witb  those  already  described  in  the  case  of  the  frog. 

A  ihin,  homogRneooB  vitelline  merabrano  i»  formed  within 
the  zona  radiata,  and  apparently  from  the  egg  itself :  the  imcKtui 
of  tlie  egg  beooraes  iooonsiiicuons ;  the  ralk  retracts  slightly 
from  the  viteUitie  membrane,  and  the  Qn\  ])olar  body  is  extmded 
from  tJM  egg. 
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At  this  BtAge  th<^  efjg  ie  lib^rabMl,  by  nipturo  of  the  GraaHmi 
follicle,  and  is  taken  nji  hy  the  moutti  of  the  Dvidncb.  It.  h 
invested  by  the  Thin  vitelline  memljraiw,  outeiile  whidi  is  tbe 
much  thicker  zona  radiata.     Itoi-e  or  fpwer  of  tlie  celU   of  tii« 
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f^Q.  13i.— A  fultj  fonmd  oTum  of  n  Rnbblt,  *bonl>  before  Iw  dl»cbug«  from 

tJ)0(n*rjr.     (AfUT  Itischoff.)      n  MKI. 

FlO.  ISA. — A  Rnbhil'M  oTnm.frDin  ttu?  upjier  iiTKiiir  the ovidncl. attar  extnuton 

of  the  two  polar  bodifs,     (Aft«r  BUclioH.)     v  300. 

IflCO.  ■tamiiiivKon.    H,  n-aplt\n  «r  BrrDilind  t^dclc    ITU,  iiuftwliM  vr  ftwvAmX 

inner  layer  of  the  follicle  nsunlly  remain  adlioring  to  the  zoiui 
radiatA. 

Aftvr  entering  the  ovidiict,  but  before  fertilisation  is  effected, 
ft  second  jwlor  body,  apparently  not  more  tliau  li&lf  the  mzo  of 
the  Qrst  one,  is  extruded  from  the  egg  (Fig-  1<15,  ru). 

4.  OTulation, 

Throughout  tbe  wariticr  part  of  Ibo  yoai",  there  itt  a  periotli- 
tally  recurring  ripening  and  diachargp  of  ova  from  the  ovaries  of 
the  doe  rabbit.  From  A|)ril  to  July  thui  pei-iodic  discbarge, 
which  iBspokpnof  as  OTtdation,  occura  regularly,  and  at  montldy 
intervals :  after  July  it  nminlly  lakes  place  with  l&ss  rtgulority. 

The  total  period  occupied  in  tlie  developiiiunt  of  the  young 
«bbit,  from  furtiliBftt  ion  of  tbe  t-ag  to  thp  time  of  birth,  is  tliJrty 
dayn  :  that  is  to  hav,  tbf  total  pi^riod  of  development  is  in  tl 
mbbit  of  the  name  leiigtli  as  ibe  inten'al  between  two  si 
Hive  acte  of  ovulation. 

The  ovary  of  the  iloc  rabbit,  at  the  time  she  gives  birtli  to 
yonng,  n&ually  contains  fully  formed  Crnattan  follicles,  witb  ripe 
ova  ready  for  dischat^.     Ab  a  rule  the  doe  is  impn>^at«d  by 
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the  back  iminrdiatvly  nfter  giriiij;  birth  !«  yonng;  nnd  at  a 
period}  uMtimat^  by  dtfleivnt  olwervem  at  IVom  eiglit  to  twelve 
hours  after  impregnation,  tlie  ovo  are  tiberated  fioni  the  ripe 
follicles. 

At  oocb  period  of  ov-ulktion,  fWui  thrift-  to  niDc  ova  sru  oa  it 
rule  liiitoliarged  from  ^acii  ovary ;  tbf  Reveml  ovn  being  avt.  \'tw, 
not,  sbsolotely  at  llie  tame  nioti)ei)t>  but  within  a  vei^-  short 
time  of  one  another. 

Altliotigh  ovulatioD,  ortlie  discluirg*-  of  ova  from  tliu  ovaries, 
nxnally  occnra  a  few  hours  afU'r  impregnation,  aiid  in  probably 
stimululi-(l  by  this,  it  atioiild  be  re;^r(leil  as  an  essentially  iode- 
peml«nt  ncl,  a  point  of  viow  tliat  will  bi-  more  folly  cnneidered 
in  tli«  uoxt  clinpter. 

h.  Fertilication. 

Furlili'^it.iori  apptyim  to  occur  irt  tb<>  rabbit,  m  a  rulf,  frum 
eiglillo  twelvtfboui-8  after  copulation,  the  interval  beuig  duA, 
not  to  the  lime  taken  by  the  epvmiatoiwB  to  troTel  up  tbi-  titerus 
and  ovidact,  for  Ihix  is  fiTec'tfd,  ncTui-ding  to  Hc-iibcii,  in  from  a 
qnnrtor  of  nn  honr  ta  two  hours  ;  but  to  tlif>  fnct  that  the  dis- 
char|^>  of  uvu  from  Ibt?  ovury  does  not  take  placn  until  right  to 
twelvft  bouia  afl«r  copulation. 

The  act  of  fartiliution  U  eflect<<d,  a«  a  rale,  dir<?ctly  Ktl«r  the 
flgga  enter  the  oviduct :  and,  in  vgg»  taken  from  the  upper  part 
of  lh<;  uviduct,  si>ermatozoa  may  be  ae^*))  in  contidemble  numben 
imUs]f]ad  in  the  zona  riutiAta,  or  lying  in  the  apace  between  tlie 
ritclliaei  niembmne  and  thp  egp,  formed  by  tbo  ithrinltin^  of  tlm 
latter. 

'Hio  details  of  the  process  of  fertilisation  have  not  been  accu- 
rately determinetl  in  the  rabbit.  Fusion  uf  a  spermatoaoon  with 
tbo  female  |ironuc1en»  has  Iteen  seen  by  Van  Reiieden ;  and  there 
is  tx>  ivoeoD  for  ttuppocini^  tJie  |>rooei>«  to  diiEer  irom  what  is 
known  to  occur  in  otlw>r  animals. 


THE  EARLY  STA0E8  OF  DEVELOPMENT. 

It  will  be  convenient  to  desl,  iu  t)u*  prraeut  section,  wicli  the 
cliaDgvfl  aodcrgoao  b;  Um  egg  up  to  tJic  t-nd  of  the  t>i'Ycnlli  day. 
Dnnng  the  Brat  three  day*  tlio  egg  in  travelling  down  tlip  ovi- 
duct, aud  piling  through  (be  stogn  of  acf^fnientation ;  at  tlt«  nad 
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of  tbi'  t  liird  day  it  passes  into  the  nteras,  and  nndergoofi  furtlier 
chaiigec*,  coneisting  chiirfly  ia  the  cstabtiHhmcnfc  of  the  germinal 
layers,  niid  in  prep»ratioiM  for  the  Atiacliitient  of  tho  (imra  to 
Ibe  ntema.  Up  tu  tliL*  end  of  th«  g^venth  da;  the  ovum  liiis 
ftvely  in  tlie  nterus,  and  tlwre  is  no  trace  of  the  embrj-o, 
which  does  not  commence  U>  fonn  untti  tlic  mrly  part  of  the 
eighth  Stiy. 

In  estiinntiog  tiie  age  of  rabbit  ora,  or  etnbn'OK,  it  ia  casto- 
mury  to  date  from  the  tUno  of  copolatioo,  which  can  alwajps  hv 
detomiincd  with  precision  ;  nnd  Utix  method  of  cumputalioii  will 
Iw  adopted  here.  As  the  eg^arenot  discbarged  from  the  ovary, 
or  fertilised,  until  from  eiglit  to  tvrelve  lioan^  after  this  ercnt,  thp 
actoal  time  during  vrtitch  developmental  cbanges  have  bet-n  pro- 
ocedinf^  will  Ik>  hs*  tlinn  the  stated  periods  by  this  nmoant. 

I.  SefpaentatioB  of  the  Egg. 

Segmcntntion  is  effected  while  ths  «ggh  travetlicg  down 
Ibe  oriduct  towards  the  ut<!ni3.  During  its  passage  it  Iwconies 
Eurroundttd  by  n  thick  layer  of  albumen,  formed  of  concentric 
layers  steereted  by  the  wniU  of  fclie  o\-iduct.  The  egg  it«elf,  on 
entering  the  Dteruit  at  the  clnee  of  segmentation,  is  practiceJIy 
the  eanio  eizc  as  the  unfertilised  egg,  in  reality  f-lig-btlr 
smallcr  tliaii  thi^  :  but  owing  to  the  layer  of  albumen,  which 
may  be  thicker  than  the  diameter  of  thee|^  itself,  it  appears  on 
a  snperlicial  e:cainination  to  hare  tact-eoaed  consiii(>nibly  ia  air^. 

S^fmeiitalion  commences,  according  to  Van  Dent^-tJeD,  eoine 
ten  or  twelve  hours  after  f<'rtilisBtion  is  effected,  is.  fix>m 
eighteen  to  twenty-four  hours  oiler  copulation,  and  i»  con- 
tinued during  tilt-  next  two  (laj-s.  About  the  (evenlieth  hoiir. 
or  the  end  of  the  third  day  from  the  time  of  ciiptdation,  M^gmen- 
tjition  is  coiDpIete<l.  and  the  ovnim  entei'S  the  uterus. 

In  segmentation,  tliu  iir»t  cleft  (Fig.  13(J)d)Tide«theegg  into 
two  ovoid  cells,  which  are  nearly,  but  accenting  to  Van  Benodi<D 
not  absolutely,  equal  in  size. 

Alter  a  pause  of  about  four  hours,  each  <^  tbeee  cells  again 
divides  into  two,  giving  in  all  four  cell*,  which  from  the  firet  are 
approsimutely  xpherical  in  filiape.  Each  of  these  fbnr  tlii^n 
divides,  giving  eight  in  all.  of  wliich  the  four  derived  from  the 
smaller  of  the  lirst  two  cells  are  slightly  tiiiialler  than  the  otlier 
foor. 


PEOMENTATIOS  OP  THE  EGO. 
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Kill.  13i>.~A  )[A!ibit']i  Ovum  from  Ifai-  niidiUe  at  tbo  loogUiof  Ibo  ovidaftt. 
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'I*h>>  larger  mIIs  dow  beoomn  groupe^l  together  in  Uie  oentn!, 
whilti  llie  smtillero-llHfonu  a  cap  lying  on  these,  and  partullyin- 
closiii}^  them.  In  tbe  Iat«r  stages,  the  anialler  oater  cells  divide 
rather  more  rapidly  than  tlie  larger  collfl.aiid  incloeo  tlieee  more 
completely;  aiid  ntthn  dose  of  negmentiition,  about  the  sereatieth 
hour,  wlieu  the  urum  paeaw  (htm  the  oviduct  into  thr  uterue.  it 
coiiaUtH  of  a  oeutml  solid  iiut^aof  iiit  her  larger  and  more  granular 


fKlii.  1 
Inw  two  wJl*.  (JditT  Bbehoff.)'  k  MO. 
C&  lila^nivtT  or  ■UMitMfaa  oA.  MO.  •|vliiMi>«uB  taJwWrt  bt  lbs  (van 
ndlUiL  If,  KvkiiK  Z.  »■■  miUUB. 
I^io.  137'-  A  BftbUt^  OvBHi  trom  the  lower  end  of  ibc  otiduot,  nbout  itie 
midilln  of  (Ii«  lltinl  iliiy ;  Aovine  ili«  tnorals  alsgr,  lAonljr  before  the 
eocnpti-tion  of  legmrnlftlloii.  (Afur  BlMbofl.)  m  SOOl 
oell»  (Tig.  IJJ8,  CD),  almost  oompletely  iiurroaiule<1  bj-  a  lajcr  of 
rntlicr  smnlW  and  more  transparent  ci^'IU,  slightly  dattened  at 
tlii-ir  outer  atdn  (tig.  \38,  cc) ;  tbe  larger  cells  bciug  vtxible  on 
tlie  surface  at  one  spot  only. 

la  the  nu'  of  tlie  cggn  tliurc  is  a  close  sgn^wmvnt  between 
the  mbbii  nnd  AtnphioxuB ;  the  mhbit'-i  ovam  mfamring  on  an 
average  0- 1 1 C  nun.  in  diameter,  uud  that  of  Am  phioxua  inrasiiring 
U-ti>-l  uim.  Tlie  (wo  eggs  agree  bIbo  in  undeif^cnng  complete 
or  lio)obla<ttio  xegmentAtion,  and  in  tlie  Ulutomeres,  or  ci^tk 
formed  by  segmentation,  dlfTtniiig  very  little  from  ooe  another 
ill  size. 

Tlie  oompariaon,  however,  must  not  be  piiBbiMl  too  far.  The 
actual  nrmiigenicnt  of  tJie  oellit  is  entiivly  difTenMit  in  tlto  two 
cases;  the  rabbit's  ovum  dues  not  pass  tbrougb  a  gastrnla  stage 
{rf.  t'igs-  1 5  and  1  tJ) ;  aiul  tliere  i»  no  stage  in  the  dvvelojnnent 
of  AniphioXTui  similar  to  that  r^prc^ntt.>d  ^r  the  rabbit  in  Fig. 
138. 

A  K 
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In  the  spreading  of  the  Miiallet  fells  overtho  larger  oiii*s.  tlip 
rabbit  ftmlthc  fmg  appear  to  agiif ;  but  Uiedetailsof  tlifpnHri'W 
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Kia.  I3f ,  -A  RjibbilV  Ovum  m-vrnt.y  liinir-  iiflpr  oopiitatlcut,  Ukt-n  rrotn  Uie 
lower  t'liil  I'f  l.iie  ovidutU  just  liefmi:  fntrrinjir  tin-  iitcm>',  Htirt  nhowliij;  ili« 
coiidiliuti  al  (lie  clinw  of  segmeiiiaiion.    (Af li-t  Vaii  Ihimtl^ii.)      .  sow 

Flo.  13ii.— A  Kabbii's  Ovum  iM.-v«cilT-fiv«  hoars  after  L-opulution.  bikcn  from  ili* 
iitoriiii^  nnd  *knviag  lliu  lir«l  Magv  in  llie  fuiniiitiuc  uf  tiif^  bUstodcmik 
veniclc.     (Artcr  Van  Bviie^vn.)      '  2fiO. 

CO-uiilu  lnycruC  till-.  ODi  lunmi<v>i)[i;((tK  CV.CDttI;  of  tilMUKlrmucTMi^f. 

have  not  buea  uccuratt.-ly  deU-ruiinoil  in  tlic  rabbit'^  ovum,  and 
it  is  doubtful  how  far  tlie  correajKin  deuce  is  a  real  ont*. 

2.  The  Blastodermic  Yesiole. 

On  entering  the  uterua,  at  tbf  end  uf  tlie  tJiiitl  day,  the  ovum 
hat!  tlie  striictiiri-  gbown  in  Fig.  ]'<i»  and  d(»icriU-d  above.  It  is 
spherical  in  Rhape,  vrit.li  a  diameter  avE-raginff  iv09  niiii.j  i.e.  in. 
slightly  «ninllt*r  tlmii  the  iiuftrljliaed  I'gg.  It  !»  sttrrotinilod  by 
the  vitelline  membi-ane  and  zona  radiata  as  before  ;  and  nntsidt* 
the  latter  are  the  coiicenti'ic  layer*  of  albumen,  which  are  de- 
posited round  thv  ufrg  during  ir.3  passage  ulong  tho  (A*idnct.  and 
wUich  bitvi-  )i  total  tiaickni'.ts  nf  about  O'l  iinn. 

Fruiii  three  to  nine  ova  arii  usually  discharged  from  the  ovnry 
at  each  pprind  »f  ovulation.  TheBO  ontiT  the  uterus  alinoet 
sininltunfuii.-<ly,  and  at  fii-at  lie  oWe  t«gi'tlnT  iil  its  proxtuu 
tnd.  As  development  proceeds  they  gi-Edually  bBOonip  tipresfl  out ' 
along  thi'  ut«nis,  Ht  upproxiiiiatfly  equal  intervals ;  each  ovum 
lying  in  a  H|»«»:iul  dilatation  ofthe  uterus,  to  the  wall  of  wfaicli 
it  becomes  attached  during  the  eighth  day. 

Verj-  shortly  after  the  egg  enters  tlie  utema,  and  iu  xotue 

«  befon-  it  leaves  tht-  oviduct,  tUe  smaller  outer  cells  grow 


ooinpletely  t«tind  the  Inr^r  inn^^r  o<*l 
thay  surrcmml  on  aU  Kidm. 

'Xbe  outer  layer  of  go)1»  now  begins  to  gmtv  rapidly ;  tliQ 
ceuti"al  or  inner  cells  remainiti^  atlachcJ  to  fclie  outft  layei'  at  one 
spot,  but  becoming*  sepanitod  I'lTitii  it  at  ail  otUor  parts.  By  about 
tile  »f-veut;-fifUi  hour.  i.r.  four  or  Five  lioitnaft«r  entering  the 
ut<rru8,  tliH  ovum  hiu  ac(}iiinMl  llie  titruottirt<  shewn  in  Fig.  139: 
the  enter  Iftvpr  of  ectl*.  cc,  Tonns  »  holLiw  IxJI,  about  012  mm. 
iu  iliaineter,  to  the  imuT  surrace  of  which  the  Dusti  of  inner  cells. 


fto.  HO. — SectkiB  of  tlio  bUstodcnntc  t<twet  of  a  Babbit  U  Uin  «tul  of  iJie 
[oiirth  day.    (Af«r  Van  BtHMvUn.)     >  350. 

OOl  MM*  Uf»  tt  oriU.    oik  l><»>  iMUkuhir  ■■■  tt  nik.    07.  <n1t}  ol  tW 


hlwMifanal 


CD,  is  attacHecl  ut  oDe  spot,  the  reM  of  the  cavity  of  the  ball,  cv, 
between  the  Qut«r  and  inner  (vlU,  Iwinp  filled  with  fluid. 

'Ihe  groiPth  of  the  bmll.  or  blwtodermie  VMiel*.  oh  it  i«  now 
teminl,  proceed!)  rapidly ;  and  by  the  end  of  the  fourth  day,  i.r. 
about  twenty-four  hours  nfter  entering  tlie  ulrrui<,  the  structure 
and  pruportioDB  are  aa  represented  lu  Fig.  140.  The  veeicle  i« 
still  spherical,  nieasDring  on  an  arerage  about  0'28  mm.  ia 
(liiuiieter.     It  constate  of  an  outer  wall  of  flattened  pohrgonol 
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cells,  cc,  foi'awd  from  the  Hiunller,  outer  c«Us  uf  ilw  pre'V 
KtugOK,  t»  t.lie  inner  i(ur£ice  of  wliioli  is  nLUkclieil  at  one 
the  moss  of  'uiTutr  cells,  CO.  Tliis  aiass  of  inuw  colls  is  uow 
flattened  out  into  n  lenticnlar  Hhaiw  ;  thicker  and  more  comj 
in  the  miildli-,  wWry  (ho  ccIU  mv  two  or  three  deep,  und  ]x>Iy— " 
gOnftl  from  miituikl  |)rt>«sure  ;  and  thinning  towai'dit  its  margiiiit, 
■where  thf  cells  an*  in  a  wiikIu  lajer,  leaa  closely  apposed  to  one 
uuother.  mid  irregular  or  even  ainwlwid  ia  fonn.  Th)>  vitelUoe 
memliraiK*  is  no  loiigiT  reco^tisnhh* :  the  »:ina  nidtatA  i*  still 
present,  but,  like  the  outer  albumlnoutt  investment,  is  greatly 
reduced  iu  thicktiess. 

Dai-iiig  the  fifth  and  sixth  days,  the  blastodermic  veaicle 
remains  spherical  or  nearly  so  in  Khapc,  and  continues  1o  in- 
crease mpidly  in  size.  By  the  end  of  tho  filUi  day  it  ineaAares 
nbont  1'-*i  iiini.  in  diameter;  and  l>y  the  end  of  the  hImIi  day,  -I 
to  3'6  mm. 

On  the  seventh  day  it  Iwcoines  etiipsoidnl  in  8liii|;e,  and  by 
the  end  of  this  tloy  (Fig.  M!J)  it  nieaeiires  from  4'5  to  o  mm.  in 
length  by  H'^  to  i  mm.  in  wicith.  iJ]>totlieend  of  the  seventh 
day  the  Kevend  Lluitlodt^rniic  vt^^icli'S  lie  qnite  fraely  within  th<> 
uterus,  but  become  gradually  spiicid  out  .iloiig  ihis,  and  take 
up  the  positions  they  will  retain  iliii-ing  (be  remainder  nf  tbeir 
devolopment. 

llie  meastirements  given  nbove  must  bo  n-gaixl<'d  as  ap. 
proximate  only ;  the  several  blastodermic  veaiclet*  in  the  ^wine 
uterus  vury  within  certain  limits,  those  lowest  down  being  tlie 
largest;  and  iiiojft  advanced  in  developtneiib  ;  and  niie  or  two  nt 
the  proxiinul  end  of  the  utenis,  u«urt«t  to  the  oviduct,  being 
almost  invariably  smaller  and  less  developed  than  the  other?. 


aicle^H 


3.  The  Gemunal  Layers. 

During  the  fifth,  sixth,  and  seventh  days,  Jinpoi-ljuit  ohnn 
occur  in  the  structnre  of  the  wall  of  th©  blaj^toderiiiic  veeicl 
leading   to   the   establishment   of  the    three   genninal    la; 
«pibtnst,  liypoblaat,  and  nirsoblnst^  from  which  tli«  w-veral  parts 
of  the  embrj'o  are  formed. 

These  clianges  more  especially  concern  the  part  uf  the  wail 
of  the  vesicle  to  which  the  lenticular  mass  of  inner  cells  (l^'iff. 
110,  CI))  is  attached  ;  and  to  tliiw  pari,  which  at  the  cad  of  the 
fuurth  day  is  The  only  jrortion  in  which  the  wall  of  the  viwicle  ia 
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more  tluui  one  cell  lliick.  tlic  nnme  embryonal  area  mftv  be 
jfiren.  as  it  is  from  the  central  |iortion  of  this  that  tlie  embryo  is 
develop.-!!. 

Till*  inodt'  (jf  fomiAtion  of  tJit*  germinal  tnyers  in  thi>  rnlibit 
has  beeti  very  differently  di«cril»d  by  diflepent  obwrven,  niid 
ihtTi^  are  several  points,  even  of  iirimnry  inipurtancp,  that  ai*  as 
yet  imppffiMrtly  iindentooil.  Thf>  foUovring  de!>cn]>tiQD  is  ImukhI 
oa  tlif  iiidcpendenb  olwvn-ntiouR  of  Ranber  nncl  of  K^Uiker, 
wLirli  appear  to  bi-  the  nioet  exact  ;  bat  the  account,  though 
con'iii'tflnt  in  itself,  makes  it  vory  diHicalt  to  establish  any  ooni- 
pnriMiti  liritwivQ  the  modr  of  formation  of  the  germinnl  lnyi'>tH 
in  the  iiil(l>ir  imd  that  occtirriiig  in  irtlinr  Vcrl^'brntftt,  or  even  in 
"tiivr  Mnmiiinls;  and  it  SMUis  not  at  all  improbable  that  fnrtlior 
inwstigntinn  may  neoemitate  considersblo  modificatinn  in  the 
int«^rj»n'tjitioTi  to  tx-  put  upon  (he  nppfaraaci.'s  di-ftcrilwd. 

The  )fn>at.  U-n^i  of  time  lliat  ih  iwcupiMl  in  tlie  proceaa.  as 
uimpiirpd  h'ith  the  cliick  or  fro}(,  for  «xainpl«.  is  r«iDarkabl(*, 
ni>d  may  pcrbape  bv  taken  a?  an  indication  tbnt  Uw  actual 
mode  of  dcvcloprnviit  in  n  tnnch  iiicditiod  one. 

Tlie  fourth  day.  At  tin*  end  i<f  tht"  foaith  day,  a»  atmdy 
described.  (Ik-  wall  of  the  binstodermic  vesicle  Is  one  Cvll  tbidc, 
•except  in  tho  embryoiud  arcft,  whAre  cells  of  two  kinds  are 
Iirewnt  (P'ig.  I -111). 


Tbft  fifth  day.  Dui-iufT  the  tSfth  day,  (he  ««lls  of  the  out«r 
layrr  breonio  tliinnnr  and  liirfftT;  they  also  increaiie  in  namber, 
by  division,  w  the  blastodermic  reside  |^ws  larger.  Id  (h« 
embryonal  art-n  the  ceils  of  the  otitcr  layer  havH  the  aane 
characters  as  in  other  parta  ol'  the  vi^sicle. 

fbe  grnimlnr  cells  foniiiDg  tin-  inner  layer  of  the  embryonal 
area,  on  thf  other  hand,  undergo  !ai[>ortant  diange*.  Tbey 
ilKreaM>  in  nnmbor  by  rvpcaU-d  division  ;  thdy  becotne  Hmaller 
in  taxe;  and  they  extend  further  round  the  interior  of  tlie 
vesicle.  Hut  the  most  important  change  is  that  they  Ixjoome 
arranged  in  two  layers: — (i)  an  upper  layer  of  oella  with  large 
nuclei,  mther  widor  than  thoy  are  long,  and  clo^tely  fitted 
to^etbur  111  ll)i-ir  nlgcn  ho  that  the  outlines  of  the  celb  arr- 
ilillicalt  to  determine ;  (ii)  n  Iowi»t  layt*r  of  very  thin  flat  pavt>- 
ntent  cclU,  simibir  to  thoen  of  the  outer  layer  of  the  vcHncle,  but 
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sliglitly  enn&.llt'r;  this  \fiwct  \»y^T  extends  at  ite  uiat-gin  some 
distance  bt-yondtlie  edge  i)f  the  iipjar  or  tliicker  layer. 

Three  regions  may,  tlicreforo,  be  diKtinguiiihed  in  the  w»U 
of  tte  blftstotWtiiif  vusicli-  of  t lis  rnbbit,  im  tlie  fitlli  tlay. 

(i)  The  embryonal  area  is  u  ciiuular  paU-h  abuul  O'-tS  mm. 
in  diameter,  iu  which  tlii-ee  Inyers  of  cells  arepree&nt  (Fig,  141)  i 
an  upper  lavcr,  cc,  of  tliin  {jnvcrnioiit  ct-lU;  n  middle  In<i'i*r.  K, 
of  niudi  Iftrg<'r,  nlmoiiit  cubicnl  L-flla;  nnd  .-i  lon-er  tnyer,  H,  of 
thin  paveuioul  l-cLIb,  very  similar  to  tliose  of  tiie  upper  layer. 
Each  of  these  thi-ee  layers  is  one  cell  thick;  and  the  ihree- 
layet'od  condition  i«  brought  about  by  the  splitting  of  the  inner 
mass  Df  colls  of  thi^  fourth  diiy  (Fig,  111),  CD)  into  two,  which 
become  respectively  llie  niiddK"  and  lower  layers  of  the  fifth  day. 

(ii)  Suvroiindinjj  the  einbryoitai  nreit  is  n  iiorder,  varj-iiig 
in  width  in  different  !tp(!chnt>ns.  in  which  tJie  wall  of  the  vesicle 
consists  of  two  layvraiAS  aet-n  hi  the  marj^in  of  Fig.  I  U.  Tlieae 
twfi  lnyei-s  correspond  to  the  u]>|)ei'  .iml  lower  layers  of  the  tliiT'c 
prL'!>ent  iu  the  embryonal  nivn ;  iiud  the  two>layered  condition 
is  bniiiglib  abont  by  the  lower  nr  imiennost  layer,  u,  exleadiag 
bt-yoiid  the  luaigin  of  the  endiryoitjil  area. 

(iii)  All  the  rest  of  the  blastodermic  veeiole,  nt  this  (rt 
about  foiir-fifihs  of  the  wholii  [lenphery.  conaiMlt^  of  a  nin 
layer  of  cells,  the  outcrnuwl  hiyer,  cc,  of  the  enibtyonal  fti-ea 
(c/Pig.  liO). 

With  retfard  to  the  wltituat*'  fate  of  these  layers,  it  may  lie 
montioned  at  once  that  in  the  embrj'oiial  area,  according  to 
Rauher  oiid  KulHkev.  the  uppermost  layer  of  cells,  CC,  often 
Hjioken  of  as  Kauber^  layer,  disapjjL'ara  altogether;  the  middle 
layer,  e,  becomes  the  epihlast;  and  tlie  lower  layer,  H.  becomes 
the  hyjioblast ;  no  that,  according  to  tJiet^e  olwervei's,  b«>th  epi- 
blni^  and  hypoblast  are  formed  from  the  inner  taawt  of  cells  of 
the  fourth  day. 

This  inter|)retafciou  involx-es  veiy  cousidemble  diflicullies, 
anil  will  not  improbably  require  revii^ion.  The  ilirLappeai-arive  of 
liauber's  layer  from  the  emhryoiml  area,  and  it*  |>ersislenee  Ob. 
the  outer  wall  of  the  vesicle  in  other  imrte,  topther  with  the 
deiivation  of  both  opiblast  and  hypoblast  from  llieoriginnl  inner 
layer  of  cells,  are  diilicult  to  rwuoncile  with  the  course  of  devdop- 
nient  in  other  MammaU;  and  further  iuTesligation  is  luncti 
iteetled  on  tbeae  ipuitits. 
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UDgle  luytT  of  llal'teiipil  iiavL-iuent  cells,  thickeneil    in  Uipir 
oentree  by  the  nuclei,  but  ren-  thin  nt  thfir  uiargtns. 

Bcvoud  the  trrbryoiiivl  nrt-:;,  tin-  lower  layer,  or  hy]K>bIaat,  has 
extended  fiirther  rr.iind  the  Vfjiifle  than  before,  bo  that  it  now 
lines  about  a  third  of  the  entire  vt'sicle  ;  the  wnll  of  the  remain- 
ing two-thirds  still  ooDBlst-i  of  ii  Miigle  layer  of  flatt*'m'«I  cells, 
(Xintiauou?!  wihli  tJioso  foritiing  ItnuberV  Ityer. 

The  Berenth  day.  Dufing  the  fleveuth  day,  aiid  oft^u  befoiv 
tie  close  of  the  sjAth,  the  llastodeiinic  veaicle  loses  it*  spherical 
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Fir.  143, 

Fib.  Ha.— Tlic  blastortt-rinlc  veiicle  of  h  ilabbit  hi  llw  piid  of  llm 
ilitr,  hODvi  from  above.    ( Modified  from  KuUtker]     ■  IS. 

AJ)- i'nil-n,.iiin)  n'n'.     AO,  iinllol  lilntl'ijrrliifr  vmli-ln.    IfuHsit  Um  MlwUMf 
til*  iHiuiidutv  of  ilii'  nicoMA".    F8,  ["iiiiitliv  tinvt. 

PlO.  144.— Tbe  cmbrj-nnnl  nrcii  nf  ii  Iliilibii  Rt  ilie  middle  ot  tlie  dsbtli  d«y. 

ClCwliCuifl  fmiii  Kollikiir,)     v  IS. 

Wf.  uimml  fiJiL     NO.  '•rami  vnnivp.     PO.  iniinliliv  imxnii     PS-  |>rtoiHH-» 
■tnali. 

xbapD,  uiul  becomes  elli'iisoidal  (V'lg.  113).  The  average  diinpii- 
sionB  of  the  entire  ve«icle  nt  the  end  of  the  seventh  day  m« 
from  4o  to  o  unn.  in  leugtli,  by  ii'i  to  4  iiini,  in  n-idtJi;  bul 
individual  a|:)eciweDS  may  considembly  exceed  thcso  limited. 

Tlie  embri,'onal aren  (Fig.  143,  ai>)  is  now  distinctly  pyi-iforni 
ill  outliiii',  mpasiinng  on  «ii  nvemgy  1-5  mrn.  in  length,  by 
1  lum.  in  widlh.  Its  longer  diameter  correspoiids  to  the  axis 
of  the  blnstodeniiin  vesicle,  mill,  a»  a  rule,  to  that  of  the  atvrw 
as  well.     From  their  relatione  to  the  embryo  at  a  later  atage. 


tbti  Im«deT  end  of  the  Piubryoiial  aifa  mar  be  railed  tbe 
Kntrrior  find,  and  tlie  Darruwcr  one  the  poeU-rior  rod. 

Art  r^ganlEi  thf>  stmctun*  nf  tlie  fiiibrii'otial  btva.  n»nber*s 
layer  bad  duapjicared  ulmost  comjilctflr  ;  a  fen-  iudividual  cells 
may  rtill  be  recognise*!  here  and  tlitre,  but  tliere  i»  no  longer  n 
continuous  stmluin  oT  cr\h.  In  con»oqu(moi<>  of  the  dUap- 
pmnuin-  (if  Itauber's  layer  {rf.  Vig.  l-(t),  tbe  embiyonal  area 
aow  consist*  of  only  two  layers  of  ccUii: — (i)  tbe  t-fubbut,  or 
foniit'i-  luiddlc  laynr.  which  now  becomes  the  sujierGclal  layer, 
coii^li^t^,  lu  befoi-c,  of  a  single  layvr  of  uliort  coliiniiiar  colU ;  it 
thins  towards  Uie  mat^ti  of  the  iMubnonal  nrra,  and  at  i(» 
iiiarffin  i."  «atd  to  Ix-come  continuouK  with  tbe  outer  layer  o( 
celts,  or  epihtast  cells  of  tbe  reat  of  tbe  blastotlenutc  vesicle  ; 
(ii)  the  bypohlnat.  in  the  embn'onal  area.  ha»  tbe  same  characters 
B»  before  ;  beyond  the  cinbryonal  nren,  it  lina  bow  cxtt-n^led  obont 
luUr  war  mnnil  tln^  inner  ntirlacf  of  tbe  bliiKtoderniic  reside. 

'nie  blasttxlermic  vesicle  at  th«  end  oF  the  seveulb  day  \». 
tlienfore,  an  ellipsoidal  mic  titled  with  Huid.  lt«  wtdl  consists, 
in  tbe  iip|)er  half  of  tbe  vesicle,  of  tvro  layers  of  cells,  epibbutt 
and  liyixililaKt :  in  thw  lower  half,  of  a  gingle  layer,  the  epibbist 
alone,  in  tbe  middle  of  the  upper  half  of  tbe  vesicle  is  the 
etubiyonal  area,  which  b*  alsm  tno-Iayfred.  but  in  wbJcb  the 
epiblagt  difTens  from  that  of  tbe  rest  of  tbe  vesicle  in  cODsLiting 
of  coliiiiinBr  in>tead  of  pavement  oelU. 

4.  The  PrimitiTe  Streak  ud  the  Mewblast 

'J'owanls  tti*3  clo^  of  the  M-vetith  day,  tlte  primitiTft  atnak 
appears.  Tbi>  strnctun-.  which  in  the  mode  of  it.'  formation, 
and  in  its  relations  to  other  pnrt«,  agreen  cloeely  with  that  of  the 
chick,  if  al  first  an  oxinl  Ibickeniiig  of  the  epiblaat  at  the 
posterior,  nr  imrrawer.  end  nf  the  embryonal  ureii.  It  rapidly 
len^heiis.  and  by  tlie  end  of  the  se^-entli  day  (Hg.  143,  n) 
it  rxtendi^,  na  n  linear  ojiacily.  nlon^  ab^mt  twu-thirda  of  tlie 
length  of  the  nren,  having  n  faint  longitudinal  groove,  tbe  [irimi- 
tive  groove,  along  its  dorsal  sorface. 

Tmiifvci-**-  sections  at  this  stage  (Fig.  M2,  r«)  show  that 
the  priinilivi-  rtroAl:  i^  formed  by*  proliferatinn  of  celU  from  the 
aader  surface  of  the  epiblsKt,  in  the  median  plane. 

The  aiMoblut.  Hie  ee^lU  of  the  primiHre  vtreak  spread 
out,  beyond  the  margins  nf  tbe  thickened  streok  itself,  as  twu 
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thin  lateral  sIiphIs  of  cells  (Fig.  112.  M),  which  lie  lictwetfn  the 
epiblnat  aud  hypohlaat,  mid  wliicli  give  vise  to  tbe  inidclle 
germinal  lay«r  or  iiifsoblast.  In  tho  primitive  streak  itself  the 
oelts  apo  sjiLerlcnl  anil  closfly  coiiipiu'l^d  ;  but  in  the  Inteml 
muSobloKt  shn^ts  iJio  Cflls  arc  more  loosftly  Arrnngt'il,  anil  an^ 
btelliiU'  ill  Mlinpi-. 

T!i«  layer  of  meeo'blaat  spre-Ails  rapidly,  both  lat^i-ally  and 
posteriorly ;  nt  the  eml  uf  the  sevont  h  Jay,  il»  limits  «re  indicated 
Ijy  the  ^hndcd  urea  bounded  by  the  clotted  line,  u,  in  fig.  14-3, 
a  figure  that  laay  wit)i  mlviinta^e  U^  cc>iit|>iin-c1  vritli  Fig.  107, 
whicli  »hows  tlie  coiTi'sponJing'  (>tage  in  tlif  dcvelopinciii  of  (he 
chick. 

White  it  is  wrtaiii  that  iIip  UPaoblust  Id  the  )K»terior  pait 
of  the  yrabryoiial  area  of  the  rabbit,  i'..-.  in  the  ivginn  of  Ihe 
primitive  streak,  arises  in  the  irmiiuei-  just  descriljed,  by  i»ro- 
lifi^mtiou  of  Cfllti  of  f-piblastie  origin,  it  in  by  no  mmiis  clear 
that  the  wlwl<'  of  the  mesobbst  in  formod  in  tliii*  way;  and, 
although  further  observatiouji  uiv  w.iiiU-d  on  the  point,  it  seeniB 
probable  that  in  front  of  the  priiuittve  stneak,  in  the  [wrt^ 
of  (he  t-nibryotial  area  in  wliicli  the  cnibryo  will  appi-ar,  the 
mesoblast  ariKes,  as  iu  the  chick,  by  luidding  off  of  cells  fniin  ths 
liypvblat^t. 


GENERAL   HISTORY   OF  THE    DEVELOrMEXT   OF 
THE   IIABHIT   EMBRYO. 

In  the  preceding  section  the  development  of  the  rabbit's 
ovum  luus  been  followed  up  lu  iLe  eud  ul  the  seveittli  day,  that 
is,  up  to  a  point  coiTe§pomliiig  to  that,  roaclicd  by  a  huii's  egg 
about  the  sixMeutli  horn-  of  incubation.  At  this  stage  nil  three 
gcnnitial  layers,  epiblast,  unisohlast.  and  bypobliipt,  «re  t-stab- 
linliEHl ;  a  [iriniilive  ntreak  and  jiriraitive  groove  are  present ;  but 
th^ro  in  lis  yet  no  trace  of  the  embryo  itself. 

It  will  be  convenient  to  give,  in  the  present  section,  n.  briof 
siirnruarj-  of  the  mode  of  foriimtinn,  and  of  the  genemi  cuurje 
of  development  of  the  embryo,  Wfore  conmdering  in  ilotail  the 
history  of  the  several  systems  and  organs. 

1 .  The  PormatioD  of  the  Embryo. 

n»c  cmhiyonal  area  of  the  blastodeiiuic  veaicle  of  the  riibbit 
at  the  end  of  the  hcventli  day  (Fig.  1  l-i.  ■M>)  corresponds  very 
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closely,  as  just  noticed,  mlh  the  area  jjelliicidn  of  n  Wn'«  r-gg 
abont  tbc  sixU-cnth  hour  of  iiictilmtion, 

Tlie  fnnnRtion  (if  the  rabbit,  embryo  is  iilso  flU-ctyd  in  very 
uniilar  lasbion  to  the  chick.  'J'lio  einhiyonal  area  iticreiities  iu 
Mze,  especially  by  (*rovrth  at  its  uilenor  end.  Irume<lint«>ly  in 
fifoiit  of  the  priniitiTe  strvak  n  iieiiml  groove  (Fifi.  1)  I,  XO)  is 
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Kio.  HB— A  tUlibll  Kuilirjo  at  the  enil  uf  Iho  nlntli  d»jr.  The  vntiiv  bUMlu- 
ttonnic  voniolo  U  ropr^>Ttilc(l,  wlili  tbo  cabrjru  i*  Mt,  ■•■  t»Mi  fni^  rti* 
donal  mrfiioe.  (</-  E^K-  HS,wbMi  npnwnUwienUTQof  ili»*iincagc 
Ik  Mgfttal  tedUm.)      >  10. 

AIT.  loixin )•>■..  BM.«Mi<niiL  BM»>fw-.fcor«h-i««l  i«nit. ■•( tMtt.— l»t**M». 
by  which  (hi  IrlmiAlfmlo  mtrip  l<  UU(I»I  m  the  w*ll  nl  Ue  atovM  < A  n#.  Wv 
ilS.n>nnlitHitoiciiDllo<T|«ManrM>n.  KnrM  Wfiif  Ian.  8L*n*n«MH>L 
TA.>ataMk  ^ 

formt^d.  bordered  by  neural  folds,  ^F.  which  fipe»>dily  unit*,  con- 
vrrtiii^  the  i^Dove  iiitti  n  tub^.  This  tube  bL>coii)o«  ihi>  L-entntl 
nt.TVouit  Hy<-tvm,  nnd  in  its  aotfrior  or  cvrobral  jfirt  tbi>  >>«vond 
brain  v««iclf«  are  ejiHy  wrtabli^iml  (Ft^.  145), 

By  raeaua  (if  hand,  tnil,  nnd  ^idf  folds  tlie  emltryo  is  oon- 
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Btrictt'd  iiH"  fi-uiii  the  ri'st  nf  the  IjlajitoUerinic  vesioio,  in  ii  iiiaiim*r 
pcactically  iileTitical  with  that  in  whicli  the  embi'TO  cbick  ie  con- 
stricted off  Croin  the  yolk-siic  (r/,  Figx.  1  i-',.  1  KJ,  aiitl  1 10,  I  li!). 

By  Mil' end  oftlie  ninth  tlav  the  rabbit  *!mbn'o(Fig:H,  1+5, 14-0) 
has  ucqiiiivil  ahajie,  structure,  ftiid  proportiouB  agreeing  Ter>' 
olosi'ly  with  those  of  n  chick  einbiyo  o£  iibont  the  tweiitj-sixtli 
hour,  witli  which  it  also  corresponds  almost  exactly  in  sixe. 

Up  I'l  this  stnj;**  the  ciiitjiyo  has  been  practicilly  stmight 
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Fid.  1*C. — A  niMliaii  loDgiimliti.il.'.r  s,i;.iti.ii,-cTUoii  Ilinm^li  n  Rii)il>U Embryo 
and  bbt9t(Kli>rnii(i  vtnidc  iit  iIil-  i^i^il  oi  tLe  ninth  daf.  f^/.  Kl^,  ||A.) 
(In  pw(  a(ti>r  \ni\  Hrjipilcii  imil  Juliii.J      -  ID. 

AN. 'ml '"I'l  'i    'iiiii"!!.    AN'.iiMi'HinliiTi.  BM. nii.l-hnJii,  C. ■'>tn>->nil>nYiitli' lui 

lit  11(1-  nrliM],  iir  : 1  -.  .1  m.  CP.  |«'fi'-.n^llJil  I'lHll).  1!.*]iL(pL«.<i.  B".  Ihli'kiniril  L-tdliliun 

1<T  lllili'li  rlti-  liWli'l.'illllr'  liiii'li-l-  nlliii'htil  l.j  lliOH'l'IlLi  (i-f.  I'll-.  1"1H-    HILirltlliuUlT 

t-iiii.    (AW. '""•■e"i-    QH.  i'ii»i-ui><.    OT- >''i>i-i''i'-   fi.'ii>i->>'i»i.    M.  iiK'vri4ii?i. 

81.  >iiii»  I  •mill  I  in  11-^    TA.  '•Il.i»l'>l<      VS.  i-'Hvll)  \Aiv(^-t\\.-:.u\  t>LiM<iJivluti'  ri-Uck, 

(Fig.  14^),  lying  witlt  its  ilorsal  surface  upwai-de,  toward*  the 
wftll  wf  tlif  ii(«nii!,  and  its  TL'Utral  surface  downwards  towards 
the  yollc-sac.  Ktom  tliis  timr,  however,  the  doi-sal  surface  of 
the  e!ubryn  yrows  nioi-e  rajiiilly  tltnn  the  ventral  surlhce,  ond  tlio 
wholp  ciiibpi'*)  in  consL'tjueiife  bet-oiaes  strongly  flexed.  By  tlio 
end  of  the  t«nth  day  (Fig.  1-17),  while  the  middle  [x>rliDii  oftfiA 
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bmly,  to  wliich  tlie  yolt:>«tiitk  U  nttnchecl,  romnins  id  Dip  snme 
position  as  ]xfon^,  the  bctid  iiiicl  m-ck,  which  have  ^-atlj*  iti* 
creased  in  sixe,  are  bent  downwards  at.  rifflit  anf^ten  to  the  trunk, 
aiid.  pushiDg  down  the  wall  of  tlii>  yolk-sac  Wfore  thctii.  Ap[)ear 
to  project  into  this  latter;  th«  ht-ad  iiihI  neck  are,  honxver, 
really  ai-pumtcd  from  the  cavity  of  the  yolk-Hic,  as  aliuwn  in 
n^.  M7.  by  tlip  wall  of  tlie  sac  iteelf.  lite  liiiidpror  tail  end 
of  the   i'inbr\'o.  the   IjasrI    (wrf  of  which  is  alone  shuira  in 
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Pia.  147' — A  BnbUt  BiubryDanil  blo^odonnit:  icsii-icnt  tlia  (m<l  of  r)i*  l«Dth 
<bqp.  The  umbcfu  Is  nrfrnvtilvil  In  BUrlaoo  vicnr  riom  IIk'  rltfhl  mlAo,  lh« 
coiuae  »(  tfac  ttliiiifiitiir]^  (Anal  lietug  imUcalnl  bv  tliv  broiii)  dotted  lino; 
llie  faUaUnlcrniuo  vnlcle  1%  *b«wn  In  n«diao  Um^iiiMliniil,  vt  tatftiut  MctioQ. 
Tto  imttUi  |mn  of  Ibc  Uil,  whlcfa  in  the  natoikl  onoiliiiuii  U  Iwteled 
(piiBllj,  bu  beeo  remorvd.  (Id  part  af I(t  Van  Den«il«o  snd  Jnlia)    x  lu. 
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Fig.  147,  has  also  gmvra  oouriderably,  and  ia  wnippett  spirally 
ratind  Iha  stalk  of  tli«  altootots. 

Uy  thr  twvinh  day  the  «tnbryo  luu  iKt|iili-etl  tbe  form  ahown 
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in  Fijr.  1  tH,     'JTie  spvprnl  Ju-Isions  of  thf  hnia  ar**  clearly  r*- 
oognisbbk-,  m  nre  alw  tlio  iinse,  atiil  tlie  eyes  tad  ears.     On  tlia , 
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PlC.  1-18.-  A  &.-ibt]it  Embryo  mi't  Tivtul  appmclivw  at  tbc  cat!  of  llie  twelflli 
<)ny.    Tilt  t^uibryo  is  n'|'rl.-.■>L■IIlt^[l  in  su:fu!;c  viewftom  >be  rifcht  *ide;  Lbn 
yi>lk-suc'.'ui<l  f  iDial  meiubunoH  8il<  iilinwiilD  median  lan^tinlinnl.or  n^ilit 
leoiioD.    TbE^  hind-limb  nml  ]<ari.  of  Uie  lail  luivo  booo  rciuorod  to  Me 
lUv  jolk-»!a!k  ani!  allnntoic  »tftlk  to  be  fnllj'  »e«ri.     In  juirt  aJlcr  Vaal 
Uviiei1<*ii  iirtil  Julin,      x  It. 

AX.  nniiiloult;  curit'.  btm  wn  the  luwr  or  UiK  aiuiiiod  uitl  llip  Rab>>'a    C.  fTY, 

lUokHHtL  pun  t>t  tlm  (■ptl>Ua[.  Iniln  wUtrh  thi-  pLuEnlilK  It  Ti>nu(tL  SS.  ^tllMI 
rllH.  Sa liTptililib^  U. "ii^t^tii^  BI-MiJii' trruliiullw-  TAn'^^^iTof  iklUiLio^,  Yi 
otltr  at  ^iK-iu  or  bliutiudi^milD  vnti-tp. 


ridM  or  tbt-  ht-ad  ttnd  neck  tlie  visceral  arcIicH  and  clelU  are 
well  Keen  ;  nnd  both  fore  and  hind  limbs  hnve  iittAinodcoDBide 
ftble  size,  and  show  indication»  of  division  into  their  soverd" 
segments. 

Tli«  twelftli-ilay  ralil>it  embi-vu  corri'sjioiida  closely  in  fo 
ami  ill  Htructure  to  a  cliick  embrj'o  of  tlie  middle  of  the  ctxth 
day,  and  W  of  verj'  nearly  tlie  sanip  actual  size.  The  chief  nointa 
of  diflereni-:!' bu'twccD  th«  two  ore  the  much  smaller  stKO  of  the 
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brain  aiiil  of  the  sense  orgaot.  more  especially  Uiv  eye*,  in  the 
rabbit. 

Thf  (list  trace  dt"  llif  iipiiral  groove  nppcars  in  ibe  chick 
embryij  about  tht*  t>igbt(^<ntli  hour  of  incubntion,  nnd  in  the 
rabbit  enibno  early  on  the  eighth  day.  Sturtin^  frura  this 
8tngc,  thu  rnlv  of  di^-vduptru-iit  is  approxiuiati^ly  Hie  iuinie  iti  tho 
two  cmbrj'ds:  the  twelfth  dny  rabbit  embrj'o  coiTespoiiding  to 
the  chick  einbr^'o  about  thr  niiddlu  of 
tlio  sixth  day. 

liy  the  twentieth  day  the  rabbit 
eanbryu  ha>  Attained  the  sbn|«  and  nize 
shown  in  Fig.  1 40  ;  in  grade  o\'  develop- 
nient,  and  nliio  in  actual  dimensions, 
it  conespondB  very  clowly  tn  a  chick 
emlfrjo  of  the  twelfth  day. 

The  voung  rabl>it  ia  bom  on  the 
thirtieth  dny,  i.e.  about  twreuty-two 
days  from  the  time  of  first  appearaiice 
of  the  uetiml  gruovi',  theearlii-st  formed 
organ  in  llie  Iwdy.  The  ehick  i» 
batdted  on  the  twenty-tint  day  of 
incubation,  or  rather  more  tlian  twenty 
days  from  the  same  starting- jwint. 
Tiw  young  rabbit  at  birth  ii<  of  con- 
sidorably  greutcr  bulk  tluui  the  cliick 
on  bAlchiug.  but  is  iu  a  far  more  liuljiless  condition  ;  the  eyelids 
are  still  unit«d  toigethar,  and  the  young  animnlisqaita  incapable 
of  looking  after  itself,  and  would  perish  but  for  the  supply  of 
milk  nffiiRlvil  it  by  the  mother. 

2.  The  ToUc-Mc. 

lie  yolk-«ac  is  the  extra-emliryonic  portion  of  the  bhwto- 
dannic  vesicle;  \.f.  the  part  nrhicb  is  left  after  the  einbiyo  ia 
constricted  oQ'by  the  head,  tail,  and  sidn  folds. 

Tlie  yolk-sac  (FigK.  Ufl,  M7,  I-IS,  vs),  though  oorrespondiiig 
in  its  mode  of  foruifttion,  and  in  its  relations  to  the  embryo,  vith 
tluj  yolk-sac  of  the  chick  embrjo  (r/.  V\^.  100).  differs  front  thin 
Utter  in  one  very  important  i-cepoct.  The  yolk-sac  of  the  bird 
is  filled  with  food  matter  for  the  Dutiition  of  the  embryo,  and 
affijrde  the  supply  of  nourishment  at  tb  ■•  the 
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whole  develt^inont  is  effected.  Tlie  x-olk-soc  of  tixv  ^kliLiittnal. 
on  the  nther  hand,  ia  a  tlilo-wulied  ve^tdti,  coDtainioi;  tluu),  but 
iiufooti  matter. 

Hence  tlii>  cnuses  that  li-d  to  tlie  fomintion  of  ii  yolk-wiC 
in  thp  bin!,  I'.e.  the  iifceaaity  of  constricting  off  tlif  active 
froiu  the  iuoctive  ]iurt  of  the  r^  in  order  to  avoid  iindiie 
diabortioD  ol'tlie  embryo,  will  not  come  into  pW  in  tin-  en**  "f 
the  Mammal ;  anH  lln'  formation  of  a  yolk-sac  liy  tlie  ralibit 
embryo  must  lit-  explaiued  as  due  to  an  jiihi-iiled  tendency, 
and  compels  us  to  infer  that  Mainniale  are  descended  from 
anoeatoiB  wIiLcIi  produced  1arg<c  I'ggs,  pruvidi-d  wifli  rmu'h  fixwl- 
yoik.  Further  BTideiiCP  in  unpport  of  this  view  hiutalit-jidy  been 
given  in  the  earlier  pttrtiona  of  ibis  cliupter. 

With  regard  to  the  stmctnro  of  tJic  yolk-Bac  of  thi*  rabbit 
embryo,  it  will  be  seea  in  Fif*.  I  UJ  that  the  wsU  of  tjie  upper 
portion,  rather  h-ss  than  half  the  rntin>  surface,  consists  uf  all 
three  embryonic  layers — «piblaat,  nit^oblaat,  and  JiypoblaM — 
excepting  only  a  small  patch  (Figs.  145,  MG,  AX'),  immediately 
in  fmut  of  the  head  of  iho  embiyo,  whieh  will  bf  referred  to 
aboitly.  The  wall  of  the  lower  half  of  the  yolk-aac  cont&ins 
no  meiioblast,  but  i»  fornietl  of  epiblanl  and  hypoblniit  alont>. 

In  the  niesoblofit  of  Ihe  upper  half  of  the  yolk-sac,  blood- 
vessels are  present,  forming  the  vitelline  rircidation,  or  circula- 
tion of  the  vascutnr  an-n  (Fig.  145).  Tho  margin  of  blii»  %iuicidar 
area,  or,  what  is  tlie  same  tJiing,  the  margin  of  the  taeaublast, 
is  iiidii;aled  by  a  circular  VL-K»eI,  the  sinus  t«rrminalia  (Fif^  145, 
110,  117,  118,  si),  into  which  the  vitelline  arteiy  opens,  and 
from  which  the  blood  is  distribnted  over  the  va^uliir  area 
before  it  is  returned  to  the  heart  by  the  vitelline  veins. 

By  the  downward  iirojection  of  the  head  of  tJie  embryo  on 
the  tenth  day  (Pig-  117),  the  upper  wall  of  theyolb-eac  becomes 
driven  vi'ntral wards,  and  during  the  succeeding  davK,  as  the 
embryo  gets  bigger  (Fig.  148),  this  doubling  up  of  the  yolk-snc 
becomes  more  aiid  more  markwl.  By  the  tliirteeuih  day  tlie  two 
l&yerv,  vfiectdar  and  noD-vascular,  nro  almost  in  contact  with  each 
other,  and  the  cavity  of  tJie  yolk-sac  is  practically  obliterated. 

The  outer  or  non-vascular  wall,  which  is  In  contact  with  the 
wall  of  the  uterus  (cf.  Pig.  170,  Yl,),  ni>w  breaks  down  i»nd  be- 
comes absorbed.  Portions  of  it  ijei-tist  for  a  time;  but  by 
about  tJie  sixteenth  day  it  has  practically  disajipenred,  and  the 
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VBBcuIar.  ur  origiual  upper  wull  nf  lht<  >'t)lk-fiac-,  t'omes  into  con- 
tact tvttli  rtie  ivnll  of  the  uteruK,  the  hypoblast  nf  the  yolk-SDO 
lyin^hi  oontfict  withtht?  ut«riniT  i^-pitlii.-liuin. 

About  the  AJghth  day,  irregular  epiblaatio  l>ud<t  (Fif^.  1(6. 
1 17.  >:k)  iiri»e  from  iUl'.  surFiice  of  the  lower,  or  ODii-vaaciilar,  liolf 
ofch^)  yoltc-eac.  Theei*  acquire  closo  attocIimeDt  to  tlie  muoOTKi 
luttmlimur  of  tlio  uti-rtM,  nud  nid  iii  fixtn^f  the  bln)(tod«rmic 
Twiclp  in  [lORitioii,  wliil't  it  is  jNKnible  that  they  have  nlsn  son)i> 
itutritivv  ftiitcljuu.  They  begin  to  deg«aerate  about  the  iiiDth 
day,  and  by  the  fourteciitb  (>i-  fifteenth  day  lisve  disa]>pesred. 

3.  The  Amnion. 

The  iiiiiiiion  of  the  rabbit,  while  Bgre«in^  la  most  rei>itects 
with  thnt  of  the  chick,  differs  from  tliis  iii  cho  iirominont  ebare 
taken  by  the  Inil-foUl,  wliich,  an  was  tirst  pointed  out  by  Vaa 
Beneden  and  Juliii,  practically  forms  fhe  wboli-  nmniouic 
covering  of  the  embryo. 

Oti  the  ninth  day,  a»  uli«ady  meattoned,  tlt«r9  ig,  immadiately 
in  tVont  oflhi-  heud  i>f  th«!  ombn'o,  a  patch  of  the  blAStoderm. 
ruuyhly  cin-uhir  in  out.linf  (Figs.  1 1-5,  I  Iti,  xy'),  into  which  tlie 
mefiobbuit  dous  not  yet  extend,  and  which  tberafcve  consists  of 
fpibbiht  tuid  liypublnst  alone.  This  patch  is  termed  tho  pn>- 
anmioD,  and  i-orresponds  to  tbc  xiniilnrly  immcd  structure  in  tlio 
chick. 

'I'lie  rapid  growth  of  the  huul  of  thi  embryo  foi-w-anlB.  and 
tbuu  duvrnwnrds.  deprasees  the  proHunuiOD  so  as  U<  form  a  deep 
pocket,  projecting  into  tlie  yolk-ew).  Tins  Ik  a  well-marked 
featnrB  on  tbt*  tenth  and  cleventTi  days  (Fiff.  I  17,  AX'),  but 
froin  the  twelfth  day  onwanls  it  Ijeoonies  less  obvious (Fifj.  143), 
owing  to  the  j^aeral  depression  of  the  npper  wait  of  the  yolk- 
BftO  which  i»  th<-n  ocenrring. 

Tbe  pn>-amuion.  a»  a  sjwcial  part  of  tlie  wall  of  the  yolk- 
sac,  lias  ouly  a  t«iD|H>ntry  existence.  T!w  meaohlaat  gmduntly 
inVn<lc«  it  from  the  Mdi>s.  Hprcndbig  inwards  between  the 
epiblast  and  hypoblast,  and,  on  the  three-lnyered  condition 
being  definitely  altuine«l,  tlie  pnHaiiiniou  te  mch  ceasM  to 
vxisb. 

The  amnion  itself  is  fomied  almost  ontirvly  by  tlie  toil-fold, 
nid«I  to  a  slig^hl  extent  by  the  eide-folilt.  Thi>  tail-folil  of 
thit  atnnicii  (Fig,    146,  an)  in  formed  tnmiediately  behind  tbo 


I 
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tttil  end  of  tilt'  emliryo,  [jartly  bv  iii'prcs«ioii  of  ibo  embryo  ml 
the  yo]k-Bac,  and  jiiirlly  by  I  he  iwtiml  uprising  of  a  fold  of  the 
somatoiilourL",  or  body  wbU. 

AflU-v  it  is  oiire  sfarlwl,  the  amnion  jfrowa  rapidly,  and  bj 
the  end  of  ihe  teuth  day  liaa  Rpreud  forwards  &•  aa  to  i-oof 
over  tlie  wbole  body  of  the  fmbryo.  In  front  of  ihc  embryo 
it  meete  and  ftipes  with  the  souialopleure,  nt  the  anterior  border 
of  thtt  pri.wiinri ionic  pit  (I'lg.  147). 

Apart  from  th**  prominent  sharp  talcen  by  the  tail-fold,  the 
formation  and  relntions  of  the  amnion  are  prn'^tically  the  same 
in  the  rabbit  &s  in  the  chick.  As  the  nmnion  is  a  fold  of 
somat^pleure  (Figs.  146,  M7).  the  si>nci'  between  tt#  inner  tuid 
outer  layers  is  neceasarily  continuous,  an  in  thn  rbii^,  witli  the 
Cceloni  or  body  cavity  of  the  embryo. 

4.  The  AUaatois. 

The  allitnlois  ariKcs,  on  the  ninth  doy  (Fig.  H6,  ta),  as  n 
hollow  diverticulum  from  the  ventral  surface  of  the  hinder  e4id 
of  the  alimentfiry  canal,  uppeoring  alniost  like  a  po^torior  pro- 
longation of  tJie  embryo  itself.  It  consists,  at  first,  of  a  thick 
wall  of  mc^uhlost,  iu  which  iho  uUuutoic  vessels  develop  very 
early,  and  a  lining  of  hj'pobUistic  epitheliuiu  ;  and  from  its  first 
appenmnce  it  is  in  very  close  iflntion  with  the  amnion,  or 
acluBlly  continuous  with  this  (t'ig.  IIOJ. 

\b  tJie  amnion  extends  furwards,  the  altantoiH  jfrows  with 
it,  spreading  mpidly  between  its  two  layers,  nnd  over  the  Lack 
of  the  embrj-o  (fig.  147,  ItS,  ta).  IJwing  to  it-s  early  fusion 
wit.li  the  outer  hiytr  of  ihr  uinnion,  th«  upper  surface  of  the 
alUntoia  liw  practJcaSly  iu  coutaet  with  the  wiUI  of  the  Hteras. 

The  cavity  of  the  ftllimtoiti  ir^  tit  lir^t  small,  but  fh>ui  the 
tenth  to  the  twetflh  days  it  eidargea  very  givatly  (Figs.  l-l'7t 
Ud,  ta). 

0.  The  Placenta. 

The  placenta  h  the  organ  llirough  which  the  embryo  ruiniinMi. 
from  the  blootl  of  tho  mother,  the  nntritneDt  by  which  it  is  enabled 
to  develop.  It  is  a  structure  of  great  importnnce  and  ^reot 
complexity  ;  the  mode  of  its  foruiution  will  be  dcwlt  with  fully 
at  the  endof  this  chapter,  but  a  brief  outline  may  be  given  here, 
in  order  to  render  its  relations  to  the  btood-ve&seU  and  Either 
organs  of  the  embryo  more  intrlliijible. 


' 


up  to  tile  aevaotb  dajr  tlio  blastodLTniic  Tosiclti  lies  (laite 
imAy  in  the  uterus  (^ig-  168),  but  towartU  tlie  eod  of  the 
seveiitli  day  it  botpoii  to  acquire  adhesions  to  the  utt>rine  wall. 
'Vl\tae  are  efl'ecled  jnrtly  by  tJie  amall  epiblucic  rilli  of  Ihe  luwer 
polo  oTblie  n^'aiclc  (E*i(;.  1 16.  kk},  but  prindpnlly^  by  thv  cpiblaet 
OflU  of  tlie  vBMolftr  IWMI :  theso  latter  pi-oli  Per.it  ing  freely  ovivr  a 
l»irso-.sbot^!i|]ape(l  pAtch  (Fig.  1  -lo,  ti'}.  which  Huirouads  the  liidefi 
niid  biodei-  ciid  of  the  embr.vonic  ragion  ;  aiid  growing  out  iulo 
irn-gular  tajrs  aud  processtw,  which  adhere  finiilj-  to  the  wall  of 
the  uturus.  By  the  ninth  day  (Figa.  11 J,  1 10.  and  1^9),  this 
udhesioQ  bus  bvcotmi  »o  lirui,  Uint,  if  tho  bhislodennic  Teaicte  is 
pullet]  »w«y  flrom  the  iiterut-,  the  t  bielcttneil  rpilhcliiiiii  nver  this 
lione^hui'  Aivn  is  toru  frain  Ihe  veeiele  and  reuiainB  attached  to 
t\w  uUii-iue  wait. 

By  the  tenth  dny  (Fig-  1+7),  tho  nllautois  has  coute  ijito 
extensive  coDt«ct'  with  the  wall  of  the  bliutJodorniic  re»iclo 
lictieacJi  this  area  of  alLachiueat;  ntid  the  bloud-veseels  of  tbt* 
alhiiituiit  ore  tbuif  brought  very  oloae  to  the  ur«rtDe  r«aselB  of 
the  mother.  By  a  further  Botie^  of  cbnoges,  which  will  be 
fully  dfscribed  later  od  in  this  chapiter,  the  surface  of  contact 
between  the  maternal  and  firtal  btood-veaHels  is  greatiy  in- 
m-nsed,  and  the  highly  cumplioit^l  structure  of  the  placeotn  is 
gTO«limlly  .'IttborateJ  (cj'.  Fijf.  I70_). 


IiEVELi:)PMENT  OF  THE  NEltVOUS  SYSTEM. 
I .  Ocneral  Account. 

lu  the  rubbit,  aa  ia  the  chick  aod  other  Vert«biute«,  the 
uen'ous  syfitem  is  witabliabwd  very  early.  Tlie  neural  groove 
(Fig.  I IV,  Ku)  appefirs.  stuut  halfway  through  the  t'ighlhday. 
w  M  ?hullow  loagitndinul  dopreeuioD,  in  front  of  tho  primitive 
rtri'ikk.  and  bordered  laterally  by  the  neural  folda, 

'Vhr>  neural  groove  rapidly  incnwaoA,  botli  in  length  and  in 
depth.  By  the  end  of  tho  ninth  dny  (Fig.  MS)  the  lipe  or  tlie 
groove  hnvu  met  and  fuM-d  idoug  tlie  grout>-r  |Mkrt  of  their  length, 
iJioagh  ^ill  remaining  separate  at  both  the  anterior  and  po«» 
teiior  tfods.  The  di^tinctiou  between  the  wider  anterior  part,  or 
brain,  and  the  narrower  poatorior  poi-tioa,  or  spinal  cord,  is  very 
evidi-ut;  and  ihe  vesiclc»t  of  the  fotre-bi-ain,  mtd-brain,  ti>i,  and 
hind-brain  are  already  well  eetabliahed. 

■  aa 
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'Hiegenpral  history  of  ttu*  devi'Ioptneiitof  tlip  iiPrvtms  nyateia, 
botli  cpiitral  niiii  pcrijihernl,  of  the  rabbit;  is  cloft'ly  finitlRr  to 
tliftt  of  the  chick,  and  it  will  bo  only  iiM-cHsary  to  (inscribe  in  the 
pir-sfnt  M'Ctioii  rli«  |)uiiits  of  more  M|>ecial  intun-st,  nntl  in  parti- 
cular tluitie  cliaracte-riefic  of  Alitiumals  as  ciintrasted  w-ilh  UinU 


2.  The  Bmn, 

Ci-aiiial  Rfxui'e  coiammces  towards  the  end  of  the  iitDtli  ilny 
(Fig.  Hi')>  boforv  clueuro  of  the  nonnil  cHiial  it;  coiiipluted;  and 
proceedf*  rapidly,  By  the  tentli  day  (I'^ig.  1 47)  the  brain  unci 
spiDnJ  cord  are  closed  along  their  whole  length;  cranial  flexui-e 
is  stmngly  pronounced  ;  and  the  hend  of  the  embryo,  niniuljr 
owing  tttthe  rapid  growth  of  the  brain,  has  acquired  a  shape,  aud 
proportions,  similar  to  tlnise  of  a  chick  embn'o  towanls  llw  cli»so 
of  the  Foiirlh  day  of  inctihation. 

Hy  The  twclfih  day  fl'ig.  Mil)  the  head  has  incpea>ii>d  oon^M 
sidurably  in  sm\  ami.  whi*n  tlit;  mnbryo  is  riflwed  from  the  side^^4 
llppwir*  t<i  he  lifiit  twii'ti  at  righl.  iitiglvs  ;  ihctirst  liend  bi*ing  neat- 
the  junction  of  tho  brain  and  spinal  cord,  opposite  iho  reference 
line  iiv  ill  Fig.  101  ;  and  the  second  bfud  being  inarket.!  by  tb© 
niid-briiiti.  KM,  which  furnis  thi*  moMt  prominent  purl  tif  tlic  brain 
at  this  Btage. 

tSiigittJkl  sections  of  twelve-day  embryos  (Kig.  loit)  sbnw 
that  llexure  has  reully  taken  pliwe  to  a  far  greater  extent  th.'i]i 
is  appart-nt  fiorn  tin-  siii-fiM.e.  Following  th('  Htxir  nf  the  brain 
from  liehind  tiiruariU,  (here  i^  Bnt,  at  thu  junction  of  spinnl 
cord  and  mid-bi'aiii,  between  the  reference  line:-  TU  autl  cu  in 
Fig.  ISO,  a  rather  iiliini>bi-nd,  vent  rnlw(ii\iii,<if  nearly  {MJ";  thia  is 
corrected  n  little  further  forwards  by  a  seconci  and  more  gmdnal 
bend  dorsiUwardft.  at  the  level  of  the  refen-nce  line  rr.  At  tbe 
base  of  the  mid-brain,  iiM,  there  is  o  very  »iharp  and  anddei 
bend  of  al>OHt  ISO",  by  which  the  infiindihulutit,  in,  and  thft 
floor  of  the  hind-brain  are  brought  almuKt  into  contact  with  ench 
other.  In  front  i-f  tbe  iafuudibnluTii  the  floor  uf  the  bnuu 
again  bends  durii^lwardg,  and  nearly  at  right  angles. 

These  tiexiires  are  even  more  strongly  ninrked  ID  the  later- 
stages  of  development,  the  angles  formed  by  them  hccnniitig 
sharper  and  more  pronounced.  Tliis  is  well  shown  in  Fig.  I-M, 
■which  represents  the  condition  of  the  brain  on  the  mghteenth 
day,  as  seen  in  sagittal  section.     Tbe  extnrme  .shar]»ies.'i  of  the 
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lieiicl  at  the  jiiiictiun  of  tlie  Kpinitl  curd  and  bniin,  b>>l:Wpfti  tlin 
referetice  lines  hi*  :ind  Di  in  Fig.  151,  Li  v*>pj-  cliamctoristip  nf 
niammfitiaii  i-mbryos  at  this  stage:  wliilf  the  Ktmr]>  l)rntl  at  the 
barie  of  tlie  mid-brain  is  quite  as  conspicuous  as  in  the  (^a^1ie^ 
stag«. 

The  general  i^Iationii  of  the  brain  to  the  Iiead  are  much  the 
Bttmt!  in  the  rabbit  embvyo  as  in  the  cluck.  lu  tbt-  uirly  »tu^-s 
(Figfl.  1-17,  14S,  and  150)  tbt' brain  forms  pi'a<:tic-rt!lj  tb^  whole  of 
tin-  head,  «nd  detenniiies  its  shape  almnsit  exclasivt'ly ;  but  in 
thi-  later  Btagcs  (Fig».  ItO,  151),  as  th«  part*  of  iJir  farp  asaiinie 
definite  diape,  and  gi-ow  fom-ards  to  fovui  t!if  nnout,  tin-  l*rain 
bocouies  thrown  inoi'e  and  more  on  to  the  doi-e&]  Hurfac^,  ntid 
ultimately  to  tht^  |Hisfcrior  piil  of  tin-  bead,  and  fakefl  a  innch 
li'ss  prtimiiii-nt  shiii-e  in  iU*t<-nninin^  the  general  contour. 

In  dialling  with  the  seveml  pnrts  of  the  hrain  it  will  l>e  con- 
veijient  to  foinmeiice  with  the  thalnniwicopbalon.  and  the  Rtriic- 
tui-es  developed  from,  or  in  connection  with  it. 


The  thalamencephalon  (Kig.  1-jtJ,  BF)  is  the  anterior  ci^rpbral 
vu-aidc,  ur  foi-e-ljniiii,  tif  the  early  staijca  (cf.  Figs.  115,  HG). 
Prom  it  the  optic  vesicles  nrisi-  as  Inloral  ontgrcuvr-ha ;  thMc 
appciir  v«r\'  oarly,  and  attain  anmc  size  before  the  roof  of  the 
fon-bruin  is  closed  (FiK-  '  ^^) ;  thrir  further  deTelo|>n>ent,  iiut) 
their  conversion  into  the  essential  parts  of  the  vwti,  will  be 
described  in  the  next  section  of  this  olinpti?r,  p.  887. 

Till'  fide  witlln  of  the  Ihal.iraeiiLvplialou  thicken  vm'  quickly, 
to  fwm  the  optic  thalaau  (Fig.  1  oO.  bi) ;  and.  owing  to  this  thick- 
ening of  its  sides,  tlw  ci-ntrnl  cavity,  *<r  thii-d  v»'ntnelf,  I)**coin«i 
reduced  \n  «  vei'ticftl  clell,  very  narrow  frmn  side  to  Kide.  Th.- 
ant«nor  wall  of  the  tbaliimencepbaloTi  remniii3thiD,ikStholuiiina 
temtlnatis  (Pig.  151,  «t),  lying  butwet-n  the  roots  of  the  two 
ceivltral  ln'minpherej^. 

The  roof  of  the  tliahimencephnlon  remains  thin,  ccmustjng  in 
til'.'  gn-iifi-r  piirt  nf  its  t-xti-nfc  uf  n  single  laypr  of  epithelial  cells, 
devoid  of  nervous  elpiuents  of  any  kiml.  Fifim  this  roof,  rathtr 
behind  the  middle  of  its  length,  ihf  piueal  body  arises  nlxiat  the 
twelfth  day,  as  a  hallow  median  papilla  (Fig,  150,  vx).  This 
i-iijiiilly  h*nglhi_-np,  foi-niing  a  tubular  and  backwardly  directed 
divertinnlum  of  the  brnin.  Its  distal  end  dilatM  (Fig.  151.  psj. 
to  form  a  siighrly  i-xpandcd  vi-siote,  fiTun  the  sides  of  which 
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irregiilur  Itollov  outgrowth.'^  nriee :  at  a  later  stage  these  out- 
growths bccotu«  iwlid,  antl  scpmrnto  completely  from  Ute  »hilk. 
In  front  of  the  pineal  body  ihe  roof  of  the  tbinl  ventncl4>. 
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FlU.  131— A  iiimlUa  hm^lmllnal.  Ofnxitliil  KDlloB  IbrcMxIi  llielimlur  It 
Kaliliil  EmhrToof  iIm  eiKlilaoBtli  dny.  (Cnm|Mra  m.  119  forafarhco 
v(c«r  III  all  oRitiryo  >l  n  •lighlly  lai«r  ■'tJww ,)     >  10. 

BF.  trntUy  n(  iWiUiiphmiiIiiIii.  t*    iiilnl   murlrth      SS>  mtM}-  irf  nmliilla 

••I  anflinl  tumMHf*.  ■*  bl«rBl  rmUfirU.  BT.  tamlw  >«ailiHOI>.  BV.  m  lly  of 
•«vi4rr  Mk  Ct.  IbtnM  Mrtllii^.  BT.  innMluiMl<l  tmnWmfi^  FX  ft*  nrrtoal 
•■•  Mlf  iiTlitin.  r.l.  inwl  'arrtnil  Of  *«!•  TVMlwv  IJV.  iafiiniUbaliiin.  Ii& 
inrlHib  LT.  (l-'i'iL  HO.  U"it»'i  nrtlUc*.  jm.  rainl  vhI  at  (ftal  nml. 
OB.  Iiiintil  mill-  Ot.  ffi-nN-i.1  [rif.M  of  ■(!•  THtdm.  03C-  — inwlitm 
■~"il-j.       pp    ,.-!-  .       :.-n.i-..     PI,    ,»l^..     PK.   i"— 1  '—ly-     FT. 

jji.,11,..,  i.,i,     ftp,  .  TBT,  ii-n  >r.    TO.  t~.i.iiii.'.«    TP,  i-itmut. 

XA.  .<->'' 14  r(-' I  XB. 'I-"  .'!  I  H- •>•'><  '<».'>^  >.iil>|.i 


which  is  h«n-  excvKetYcly  thiii,  |j«cu<iie»  thruwii  into  (Mb,  which 
huii^  (town  tiiti)  the  cavily  uf  the  %-ctntrlole  (Fig.  1 '>1,  Xa).  Itv- 
twtvii  tlifse  fuldd  hl4>oil-vi!s!^ls  \tt>m  in,  fWirn  thp  rnitcuUr  ra'^>- 
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1>1ikst  outiiiile  the  Ijiuiii,  and  girt-  Tiae  to  tlip  olioroid  plextia  of 
tli«  third  vontrick'. 

Tlie  floor  of  the  l)inlnii)fncr]thii]on  ahn  mmaiiiK  tJiiii.  though 
not  so  t.liin  a<  t!ic  nx)f.  The  anterior  |)art  of  tlie  floor  is  cro.ised 
by  ft  shallow  ttunaverHf  gruoVi.*.  whicii  is  pPol<>U|»Ptl  <itilvi'artli> 
into  the  optic  stulks  (Figt^.  150,  lol,  and  1&&).  Tin-  [.osterior 
piirt  of  tlie  floor  givciB  rise-  to  thv  Inftindilniliini.  TIiIk  in  u 
ivedian.  tliin-wftllcd  ilr!pr(;^«ini,  fi^nn  I  hi-  hinder  end  of  wliich  a 
hollow  finger-like  diverticdaniarisw  CD  tbe  tenth  day  (tf.  Fig. 
150,  in);  (hit*  diverticulum  lies,  from  the  firet,  iu  veiy  close 
relation  with  the  atitwrior  t-nd  of  tlie  tioNH'lioid,  and  with  th? 
jjockot-hke  outgrowth  fmin  the  Ktomatodit-Min  (Fiy,  160,  PT}. 
which  gives  rifii:  to  the  piltiitury  body.  Thiit  anterior  end  of  the 
notoclionJ  is  uHimately  absorbed  aod  obliterated  ;  but  the  iniuQ- 
dibular  divert icu Inn  and  the  pituitaiy  body  reinnin  in  iiitimnto 
relation  ihntiiyhout  life;  the tliveiliculumfomiinp what  isH|K)kvii 
of,  ill  the  adult  mbbit,  as  the  jwsteriorlobeof  theiiituitan'  liody. 

'ITie  further  developtriMit  of  the  pituitary  Ijodyiteelf,  which  may 
C-ijnvcnieiitly  b«  dealt  witJi  here,  is  ns  follows.  The  «toiiiato<ln'nl 
diverticulum  (I''ig.  I'M,  n)  dilutee  nt  iu  hlind  end,  luid  givca 
tifTfi-om  this  tennioal  dilatnlioD  liolltiwoiitfji-owtlm;  these bnincli 
freely  (l''ig.  1-">1,  it),  but  in  the  later  etfigeg  >A'  defohipinent 
become  solid.  The  contral  dilntcil  cavity  of  the  pituitary  body 
per^ista;  it  retains  ita  coinmtmicalion  with  tlio  buccal  cavi^, 
tJirougb  the  tubular  «talk,  for  flame  time.  The  formation  of  the 
palate  (Fig.  151,  n.)  li-iive-s  the  pituitary  stalk  in  coiniiMinica- 
t-ion  with  the  nnrlnl  [>as;«age,  but  cutx  it  off  from  direct  coni- 
mutiication  with  the  buccal  cavity.  Tti  the  Int^r  sljigi-ji,  Uie 
pituitary  stalk  loKeB  its  cunnectiLm  with  the  iinria!  passnjre.  snd 
beeoniea  obliterated. 


The  cerebral  hemispheres  nrise,  a^"  in  The  chiek.  iu  llie  tii-st  io- 
stunce  ua  u  mediiin  uiiterior  prolongation  nf  the;  thnlumeiieeplinlou. 
which  may  be  t  i-i-m.d  thi-  vesicle  of  the  hemiBpher«a.  This  urton 
becoini^  divided  by  an  iuwaniiy  projeeting  fold  of  it^  anterior 
wall  into  right  and  letl:  lnbp.s  which  by  further  pviwth  become 
I  he  cerebral  hemiopher 68  ;  the  median  nnteriorwallof  tin-  veeicle, 
bf^twefii  th<>  bilges  of  ihe  hemispheres,  persistinj^  a,**  the  lamina 
terminalit. 

From  their  mwle  (»f  format  ion  the  hemispheree  are  neces^uily 
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bolknr ;  and  their  cn\'itii>«,  the  lalerAl  vi-ntricira,  n*tniii  througli- 
out  life  their  cxmimaiitcDtionK  MJtli  the  tiiird  ventricle  through 
^ithe  fomTiiiiia  of  Monro,  apairofnpertiiii-)i  wfaicli  ure  »l  lir^t  nriJu, 
hut.  whict  praJually  become  n-Jiiowl.  by  thickening  of  their  hpg, 
to  narrow  sJils. 

Tlie  ci-rpbrnl  h<vnifiplier«t  firxt  invome  |m>miiiftit  nbout  the 
twrelftli  (lay  (Fig.    150.  lis)  ;  from  tliis  dal*-  they  prow  wtivply. 
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Via.   IZS.—nt  tinJn  (l)»c«(«d   rron  nbotr.     Enfairgod.    (VKtm    Uartliall 

will  Hunrt.) 
Ci  Wn*!  liila  li  rarriiriknii    OA.  illm-f  niwaJiinii,    GB.  nil  a<f  ■(  nloni 

nnaanUamm.     CI*.  ik»ruWT  i-  -'Fnia sMatau.    Jf.iMiiminr 

llBh*(  h~l,i  i^ftniiii.     H.  Mm--  M  '•"■  ^tnanin.    O.ittMiwj 

l<*ii     OP.  >"''^<*»"l*»  k.1^    P.  1-1  ....J  ■..n.     V.  """U  "nlHrli. 

rxlvmltiig  farwardn,  »ii<]  elil)  more  i-ajiidly  backwards,  si<  oa  to 
itn-rlic  nml  coverlh<>  roofoftiio  thnljuiieiicepbnloii.  and  at.  alnUT 
stage  tbr  niid-lirain  as  wrill  (</.  t'tgs.  I*>1  nm)  \'->2). 

The  nnll  ofi^iich  Iiiiiiiaphen-  is  at.  iIrii  tliin  nn  all  .tiili-s,  ami 
the  cavity,  ur  lateral  vt^ntricle,  is  cfHisn-quently  larfifc  (Ftg.  lol). 
The  inner  wall  remniix-'t  tliin,  hut  the  cmt^tr  mall  (Fig.  ir>2J 
(hictcna  ooiit'idtM'nhly  in  thr  later  ^tagrs  of  development ;  vrhiUi 
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tilt.'  hiitct'M-  eii(U  ti(  the  li<>nt!«pli«rM  tiiiclcea  jdill  more,  to  form 
t!hpi  corpora  ftriata  (Kig.  \^'j.  bi),  a  pair  of  |)ruiiiiii-nl  swellmfTi^ 
l;iog  in  fVont  and  to  tbp  onter  sides  of  tfae  optir  thalanii,  bo, 
aod  separated  from  th«*c>  hy  wvlUmarkcd  groovvs. 

Thi"  hippwnnqnii  rn^jin-  (Fig.  1 52,  h)  ts  a  prominent  cun-cd 
ridg».  proi««titif^  into  tbe  lateral  ventricle,  and  sxteiidiog  mnnd 
into  its  ileecending  4'«mu;  ir  lk  r^allv  ao  iiiw'iirdly  proji<cltag 


Fw.  I&.1.~A  liingitudiunl  nii<l  venienl  tcetiooot  the  brain  of  in  Klnlt  AabMt, 
lAkcn  lu  tbc  tUPfUui  ftao*.    (Froia  Hnrelmll  »oA  Hot*!.) 


■MB  la  lh(  mil  orilir  ifalnl  mnDrMK    Ot  «<«tb«U>m.   OAt  "nxi- 
RBMa  OkDoniiK.    CE.  InnfT  mrtwr  M  Ul  cmteil  IxiBtnluan.    T  t-.i 
S<H.  tnniniiii  .it  >l>M>Tn.    a,  rolniu  iHUrpm^IWH.    Z.  liitiailB 
(.ntnml-nti»-     K,  •■.l.>ri,.»  l..i.ui)f  rntfinn  <|ibiiMK(BiliH. (v  *>•••* 
OO.opO'^'^i'l''-"'*-  ON.  Mti.ptlDiirmi.   P.plbMlbAtr.  ICLf 
FT.  MDU  VutiU],    T.  |<ml<r>>«Mrn(  oirrnra  qu^ritunlilii. «  ■  li-^i  r  .. 
naluUawilcnuN'TiuIrr"!  Vtcf^riis  VP,  rriDin  maiallB  luricriib. 
in,  tUnl  vmirk-K-.     IV,  ftionfc  »Mni>lF,    T.  0«*  ™m«rK 
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fold  of  tlif  wall  of  the  liL-nii<iphere.  formed  by  a  deep  grcurt'e  on 
the  sui-fiiC"'  of  ita  inner  wnll. 

Till'  choroid  plexu  of  ilic  lateral  ventricle  (Fig.  155,  x)  i» 
«  nouievrbal  ^luiiinr.  but  much  thiuuer  fold  of  tJiv  taner  wnll  of 
eftch  hemiephore,  between  the  (vfo  layers  of  wliioh  htood-vosaela. 
Ml,  pass  in  freely.  IMief^iiinnviIintcly  b^'low  llie  hip|H>campal  fbKl. 

'Jlie  commissnral  Imadi  )>rtn-f:en  the  tvo  hemispherea  are 
very  charncleririUc  -Iruciiirfs  iti  Mtimin.-il)>.  in  ivhich  the^-  atfaln 
a  much  hijfher  dt-vclopment  than  in  oiber  Verlehrates.  'Vhe 
most  important  of  tbfw?  ars  the  corpus  callosnm,  the  fornix,  and 
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th«  nnt^mr,  midillt',  anA  posterior  cORitnis<)aro<<  of  ih»  third 
Tenlriclif.  T)it>ir  ilevelopinent  iti  coniplicittfc).  and  difficult  Fo 
follow. 

In  front  of  the-  Ininina  t^nniivftlis,  thtttwolir-mUplwrwi  fxtenil 
f<irA'nrd«  aiilt>  by  sid**,  verj- clo«*  to  ewb  olh«r  (Kig.  I'*2),  biil 
ncpnruUil  by  u  mediiLii  cleft  iu  wbich  lies  the  connective  tissue 
hiininii  rrnm  wliicli  tlu'  Talx  cerebri  is  formt^l.  At  tll<^  biiid<!r 
end  of  tliir)  c\^ti,  just  in  fronf  of  tb<>  lamiiiii  (emiiniitiii,  lht>  walla 
of  the  t  wn  hemispheres  conie  in  oontact  and  fuse :  aod  horn  this 
fiiswl  patch,  which  is  somewLat  triaogaUr  in  shap^  as  seen  in 
M^ttal  action,  the  rommi^ural  bandR  nn*  ronn<il.  The  wr\m» 
calloxum  (Pig.  Ib'i,  cc).  the  ramt  important  of  tbcm,  is  formed 
from  tbo  doraal  part  of  tbe  fused  {Wlcb ;  it  d«vn|op9  from  before 
bu;1cwiirds,  th«  anterior  t^nd  being  fomiwl  first.  'Vhe  fornix,  in 
'which  iho  tibn«  ni-o  mninlv  longitndinal  in  direction,  is  formed 
friin  the  ventrnl  pmrt  nf  the  pntcb  ;  nod  thp  Rntcriorcommiraan- 
from  itK  liimW  cnil,  just  in  fnint-  of  tin*  Inminit  teniiiniili*.  il. 
is  not  tjaite  clp&r  whether  the  fifth  vpntricle  {Ftff.  153.  v)  is 
formed  by  the  breaking  ilowu  of  the  cpntral  pnri  of  (!»■  fused 
putch.or  il"  mi'rrlyn  per*i«ti,'ii1  piirt  of  thu  originnl  ch-tW-twrrn 
the  two  hemisiihfivs. 

Tlii'  snrface*  of  the  hemisphere*  :ir*«  iit  first  simwrfh.  und  even 
ID  thy  ndtiU  rabbit  ure  only  plijfiHly  coHvoluted.  Thi-  convolu- 
tionK  nriwr  iis  foldings  or  ffrooves  of  tht-  nnrfoce,  ext(>ndinj(  \o  a 
(^reiUi>r  or  \e«a  depth,  imd  nre  clfti^spd  ii^  primnry  or  i^e^'ondary 
Qoconling  to  whether  ihcy  arr  folds  involving  thi-  whole  tliickncss 
of  tJte  wall  of  the  faemisph^rre,  or  mere  groovea  in  it(»  ttaWimctf. 

Tho  olfactory  lobes  .'xppenr.  altont  the  foarti'eiitb  day,  aa  a 
pair  of  bollitw  outgrowthi-  t'roin  the  ventral  mi rface  of  l he  Aiiterinr 
ends  of  the  cerebral  hemisphtn^s ;  by  the  eighteenth  day  (Kig. 
lol ,  nv)  they  hare  bciroin*  prominent  *truetiirwt. 


The  mld-brailL  In  the  early  utagL-H,  up  (■•  about  Ihe  twelfth 
dAv  ()'■(?■  '''*")>  ihr  mid-brain  is  T<ir%'  itnpa'rf'X-tlY  marked  oA 
from  the  foTV-bmiti;  later  on  (Fig.  151),  the  houndarj,-  Iwtwmn 
tite  two  (liTisionit  Ijecomes  w«n  dcfiuMl. 

A"  compnnil  nifli  the  rliick,  (hi-  mid-brain  of  the  rabbit  is 
nf  ratlicr  stninller  hiza.  ftnd  \v9a.  prominent:  it  '»  fiirth*-r  dis- 
tinguisht-'d  by  its  leudency  rn  grow  backwaixla  over  the  hind- 
boiin,  n  tendency  already preBCo*  day  (Fig.  lift), 
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but  much  more  proiiouuced  iu  the  lalvr  srageB,  fliL-  piwtcnor 
lobed  of  the  mid-brain  on  the  eightmnUi  ilay  (F%-  IfJI)  votn- 
plet*ly  overlappiiij?  the  cerebelluni,  ui.. 

Tiif  roof  of  th['  mUl-Iinnn  gWm  riiw-  to  tin-  corpora  qnmdri- 
gemina.  A  t^an^vers(?  funow  lirat  appeui-s,  dividing  it  into  h 
largi^r  antorior,  imd  a  ^mnllm'  posterior  portion;  tho  anterior 
portion  soon  Iifronn-s  ilividi-d,  by  a  median  lon^tudinnl  grooTC, 
into  t.bu  nntiOrior  1oIh^:«  of  i\iv  cor[)itrH  tjiiivdr]g<.iiui>i»,  ur  natee; 
the  posterior  portion,  oveihangiiig  tbe  ci^ivbellum,  is  not  ilividod 
iiiiti]  .1  much  later  stafifp. 

Tlie  Sioor  of  the  mid-ljrain  forms  tliu  veiT  sbarp  bend  at  tbe 
base  of  tbt?  briiln  wliidi  liii^  «hi*a»Ij'  bt-eii  iiotittrd  (l''ig*>  \<>0  and 
151);  as  in  tbe  t'bick,  it  becuines  greatly  tbit-kened  on  tbe 
formation  of  tlie  lonvitudiiial  pillars  of  nerve  Jibres  ktiuwti  as 
the  crura  cerebri  (Fig.  loi,  cc),  wlticb  connect  the  opfcic 
thnlAiiii  and  corivim  Rtriata  with  tlie  hind  brnin. 

The  cerebeUam  is  developed  from  t5ie  ixtof  of  the  anterior  pait 
of  thL'  hind-brRin,  in  much  tho  Hinio  nay  ns  in  thi.-  cliiok,  Ua 
the  tpnth  day  (Fig.  H7)  n  slight  thickening  is  fomiBil  actdck 
the  roof  of  tilt'  autfrior  end  of  the  hiiid-bruiu;  by  tho  tn'dflb 
day  thLt  bos  become  more  con^picunua  (Fig.  150,  UL),  but  Ui 
still  ooly  a  slightly  thicbeni^d  tmiiiKversc  band.  Ity  tho  i>igb- 
teenth  day  (Fig.  151,  m.)  it  has  increaaed  considi>rabIy  in 
tliicktiesK ;  nnd,  »hi>rt1y  nft^-r  this  stagi-,  it  bwiomr*  foldwl  trans- 
versely on  itaolf  as  in  the  chick  (./.  Fig.  116,  BL).  SMomlary 
foldings  appear  on  it*  «urface.  and  the  conipUcutwl  atnictore  iif 
tbe  adult  cerebellum  is  gradually  acquired. 

Of  tb«  Severn!  part."  of  th<-  adult  cerebellum  ('■/.  Vig.  152), 
the  mi>diftn  lobe,  orvm-niis,  is  tlii'  first  toW  formed;  the  lateral 
lubes  and  llocculai-  lobes  uppt-arin^  at  a  much  later  date. 

Immediately  Ju  front  of  tbe  ci-rebellum.  bi-twi-en  it  and  thp 
mid-brain,  the  roof  of  tb»  brain  boconiiis  oxtwmely  tbin.  formin^r 
the  velum  mcdullic  aiitrrius  (Fi^.  loit,  V.*),  wbidi  ift  ultimately 
Teduce«1  to  a  single  layer  of  vpitlicHnl  cells  devoid  of  nemj«s 
elements. 


TIjc  medulla  obloag-ata  is  f«rriK*d  fl-om  the  floor  of  tbe 
bind-bnuii.  iitnl  fnitn  lln-  pint  jumterinr  to  tbe  cer^belliiiii.  The 
floor  of  tho  iiK'ihilla  i)!jlungatu  remains  thin  iu  the  actual  mid- 
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Tuntral  iilftnc  (Fig.  158) ;  the  lattral  parte  of  the  floor,  ami  tbt* 
«id«t  M  wi'll,  tliickfii  wrv  winsiilcmWy.  Hlir-  roor  of  Ui*  foortli 
vpnrriclp,  as  in  the  phiek.  widoua  out  considerably  (Fig.  158), 
tuid  at  nn  early  stage  becomes  exctrfdiiigly  tliio.  Immediately 
bcEiiod  tits  ctuvilx'lluiD,  tbo  roor  of  the  in<.*dulln  njuisinit  com- 
ptkntivlr  smootli.  nt;  tli.'  velum  topdnDio  poat4>riii^  (Fig.  153, 
vr) ;  but  n  short  way  t'lutlier  back  il  beco[n4>s  thruwu  into  a 
oon]p)ic»ted  mrivti  ot  folds  (Fig.  151,  Xll),  which  hung  down  lato 
Ltlir  fourdi  v.-iitridi-,  (ind  botwtt'ii  tlit*  Inycrs  nf  which  thft  blood- 
'  vessels  |H_*iu'tratv  in  lai'gi^  numbers  to  funn  tJu*  diuroid  i>lt*xu9 
of  tlw  veiitiicle. 

The  wnlld  of  tb'.-  tii'-dn1l»  oblongata  consiHt   mainly  of  toiigi- 

tndinat  fibn-s.     Tin'  i>.<iis  Varolii  (Fig.  IbS  and  IJl,  rv),  tho 

at  transverse*  bnnO  of  norvo  fib«-8  which  conncctM  the  two 

hslves  of  the  oerel>elliiiii  iog»>th(-r,  develops  very  tatc;  it*  |>o(4i- 

.  tion  t«  inilicatMl,  about  the  eighteenth  day,  by  the  «liarp  ivct- 

|«ngul»r  beiul  in  the  floor  of  (he  m«NlaIla, opposite-  Ihr  cen>bc!luni 

KFig.  l&l). 

Beforok'Aving  thebrniii,  it  should  Iw  noted  tlmt.  in  spiti-  of  the 
coinplicat'Til  foldings  wliicli  rnrioiie  pnrts  of  it  undergo,  and  tli<> 
extivmi'  thiiiiK'Wtto  which  its  walU  urenMliiocd  in  plucm,  notably 
in  the  nusf  of  Iht-  third,  and  iii  that  of  the  Fiurth  vt-ntricle.  tlie 
cavity  of  tlio  brain  remains  n  clo'^  oui',  nnd  ittt  wnlls  arv  nob 
Rctiutllr  p-rforafttl  iir  imy  [ilnci- 

Th4>  membranfrf  of  the  br&in,  t.i4.  the  pia  niftt4>r  (Uid  dura 
mater,  nn*  cuaneciiw-tiwut?  ntnictures,  of  mwMiblftstJc  origin. 

3.  The  Spinal  Cord. 

Tlie  development  of  the  spinal  cord  of  tb«  nbbit  need  hot 
be  dsBCribed  in  detnil.  aa  in  all  e^^ntitil  respecta  it  agrem  wilb 
that  of  the  chick. 


4.  The  Histological  DeTelopment  of  the   Br&in  and  th«  Spinal 
Cord. 

This  will  be  uiore  fillly  dealt  witb  Ln  the  chafttcr  un  Hunnu 
EmbTTologT, 

In  the  spinal  cord,  the  ehnngv 
similar  to  thorn-  iu  the  chick.     T 
cniuil  give  riso  mmnly  to  tkr 
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]&y<>r  of  cells  roiTniii};  the  upitholial  lining  of  ii\e  A'Dlml  cunal. 
Tlie  wlirp  iiiniler  iI«vrlop8  latt-r;  m  tin' apinni  cord  it  nppenRi 
on  the  eleventh  day,  rh«  veotral  tiiid  lul^mt  lmit<1te  i^f  wliit« 
matter  beiog  fonnoii  ptactically  simultaneously.  Tlie  ceati«) 
wmnl  of  the  i*piiial  ixnil  remains  a  iianow  vertical  rleft  until 
about  the  t-ixtoeutii  ilny.  wWu  it#  tlorsul  part  boconics  nbliteraled, 
Ak  ill  the  chick,  prc>par«tory  tn  tlic  rnnnatioii  of  ibi-  ilomi 
titisure. 

In  the  medulla  oblongata,  the  arrangement  of  wliite  and 
fUrey  inaMvr  h  essi-iitinlly  the  sumo  as  in  the  spinnl  cord,  the 
white  mnlter  funning,  about  Ibf  «>]evt>ntk  day,  on  the  outer  surfiu'e 
of  tbt.^  grey  matter ;  in  tbe  later  stages  tbe  relatkins  betwi-cn 
whit*  and  groy  niiiMt-r  bL-como  much  more  complicated. 

In  the  fore-braiii  tlit>  cmidititinK  ai-o  itoniewbat  tliffurviit. 
The  walls  of  the  beniiaphereii.  which  at  first  are  veiy  thin, 
liectjnie  early  dlfteieutlateiS  into  an  outer  layer  of  nmndiMl 
elements,  which  latter  <>i)  giv>-  risi':  t<i  grey  matter,  and  an  inner 
epithelial  luyfr,  which  becomes  the  epithelial  lining  of  lli« 
venlricle.  About  the  sixteenth  ur  aeveut«enth  day.  Ijiuids  of 
white  fibres  prow  upwanU  from  tbe  ci-nm  cerebri,  through  tho 
optic  thalami  and  cori>ora  striata,  and  niabe  their  way  betweeu 
the  two  luyrrs  of  the  wall  of  the  hemisphere;  while  a  little 
hilei'  a  vciiy  thiu  sii|>erficial  layer  of  white  matter  fonn«  on  llio 
aur&ce  of  tho  brain,  outride  the  gr«y  matter.  In  this  way 
tile  characteristic  diHtribiitinii  nf  white  mid  grey  matter  in  tbe 
bonuBphcTes  of  ilur  udiiU  is  brought  about. 

o.  The  Peripheral  Nervous  Syatem. 

Tlie  general  history  of  the  peripheral  nerrons  system  is  the 
same  in  ibo  riibbit  as  in  ihv  chick  ;  but  the  earliest  Bt^ea  of 
tlevt'lopitieut  have  not  yet  been  worked  out  in  sui."h  detail.  By 
the  ninth  day  both  spinal  and  cranial  nerves  are  establishwi, 
«nd  by  tho  elpvcnth  Juy  (Fig,  ll>5)  all  tlie  principal  braochee  of 
(listribiitioii  nre  pivsent. 

The  Cranial  Nerves. 

1.  The  olfactory  or  flrfll  cranial  nerve.  The  time  of  first 
appearance  of  the  olfactoiy  nerve  in  tlie  rabbit  lias  not  been 
definitely  determined.  'I'he  norvo  is,  however,  clearly  recug- 
nieable,  bk  a  nhort  stem,  connecting  the  cerebral  hemisphere 
with  the  olfactory  pit,  before  tlie  olliictury  lobe  is  formol. 
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II.  Tbi-  optic  or  Mcend  cramal  Jierre  vriil  be  cnn^idorvd  io 
the  tiection  dealing  wilb  tJie  <levnlo|»ii«!ut  of  (lie  rjrtr,  p.  •187. 


Via.  ISl.— Ttiv  tinin  ul  tin  tHlvU  lUbliii  (rum  r)i»  v«nual  anHao*.  Tlio 
irnMWv  {lortiBl  ttw  t«(i  taatpionl  Ivlf  Itu  li«vii  MerA  otf  ho«lian<aJlT- 
ilie  plnnea of  tb*  U)(«  •c«aleireiil»r  OkDala  of  iho  Mi  *li]«  ore  indicated 
lif  ibv  thiofc  Una  •lUTMndiiiit  Ujc  Ik-cvulnr  lobe  of  tliv  cuntaUaB. 
(From  MaaUll  and  H«nt.)     nS. 

CC  cnt  (-<n(«t.  CO.  <*nu>  HilnktOB.  Si.  JannilM  MfBK  W  trh  Wm) 
nxMbk  H.  lifpiiMiMi  iwtlig.  IJ.  fcapolw  k»»««  t  ■  ■>  fluiii.  U.UIanl  Ua 
•tawiMlm.  O&niiito  c^tor— .  OT.  ■>(*<«  **»>■  P.  lOattarT  mij.  PV.|i<ii> 
TaraU.  BA.  HMto  iwtlMl  aMMmvlM-  cw^  aB.  bNtaMiTMBMnrnkr  twwl. 
a3fti»i»'ii—  TwtWl  — l^renlwuMI.    T.  i«|p—l  ia»  ot  awin-l  t  waliplii**. 

L  rffcnrn  Irrii.  TftHi  i — 1r  -f   I'h j  -  rrr-     I£«i<kHmi,    HI. Ikln*  ihtm vt 

■NMor  HBUII.  'IT.  fciirth  — »»  T.  irlanailBal  ih>ik  VL  ^(k  in*T«  or  «t«lMiiMfc 
VXt.  fc'iil  imrvr.  Vlll.  maMfrf  Mna.  nLul-aaa-M'^'T'*'*' """'^  IL  (■■•>>•»■ 
autHrpftva.    JLI.  iploal  ■ ;  ii  1 1 1    n  mtm   XILltfpWl— Iwwt. 

HI,  I\%  luid  VI.  Th«  third,  fomt' 
Tberv'  ok  du  exitct  ubeorvatiooa  i 
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theie  three  nerves  in  tlie  rabbit.     From  the  time  when  (ht-y 
be  dearly  recogniaeil,  nboHt  the  eleventh  tlay,  their  coupst*  and 
relatiniis  are  the  fti»rac  as  m  the  adult. 

V.  The  trigeminftl  or  fifth  cranial  nerve,  Ttii:<  cers-e  am 
be  rpcoynLBLHi  uii  thy  iiiulli  ilay.  ut  a.  atagt*  inimediati^Iy  ftft*r 
closure  of  the  bmin  has  been  effected.  'I'he  iierre  apjiears  at 
thU  i^tngu  iw  n  pynfi^iriu  gRiigltonic  mass,  tb'.-  nnrrow  end  ot 
which  is  in  closf  contaofc  with  the  dorctal  surface  of  tlie  bmiii, 
whili*  the  WBt  of  the  iierve  lies  close  alougwile  the  bmin, 
extending  about  half  w»y  down  its  side.  By  the  t«atli  day  the 
root"  of  the  hind-brain  has  widened  very  givatly,  und  tht-  root,  of 
the  fifth  nerve  is  qow  attached  to  the  junctiou  of  the  thin  roof 
ami  thickeneil  lude  uf  the  bruin.  Beibre  the  pad  of  the  t«utb 
day,  tlic  titTVii  branches  tlisttaliy  ;  imd  by  the  iwelflh  dtiy  the 
ophthalmic,  maxillary,  and  mandibular  brtuichcK  are  of  con- 
flidemhle  length,  and  tiave  courses  and  relutious  very  aimihir  to 
those  of  the  "itnii-  nerves  in  a  five-day  chick  embryo  (pf. 
Vig.  115). 

VIT  !iiiil  N'lll.  The  facial  or  leventh,  and  atiditozyor  eiffbth 
CTRoial  nerves  ■ire,  a"  in  tin.*  chick,  vt^iy  iutimaitly  connected,  or 
actually  continuous  with  eitcli  otlwr,  from  their  Brat  appejirnitce. 
They  can  he  ivtrogniiwd  befcjve  the  end  of  the  ninth  day  ;  and  by 
the  t.L-ath  day  the  facial  aerve  has  ucquired  it«  deiioiCe  relation 
to  the  byoid  arch^  ns  in  a  tive-day  chicle  einliryo  (Pig.  Ho). 
The  atiditniT  nerve  appears  to  be  contiuuouH  with  the  epi- 
tltfliiJin  iif  ihe  auditory  wsidt;  from  its  earliest  appearance. 

}X.  Tlie  glosBo-pharyn^al,  or  ninth  craoial  nerve,  as  in  the 
chick,  arises  by  niiilHplo  roots  fi-oiu  the  &ide  ol  (he  medulla 
ubiongatii.  immediately  behind  the  auditory  vesicle.  Its  main 
stem  lie»  in  the  tirst  brancliial  arch. 

X.  The  pneumog:astric.  or  vagus,  or  tenth  craoial  nerve  has. 
in  the  mbbit  einbrj'o  of  the  twelfth  day,  almost  exactly  the 
HBine  couiw  and  i-elutioriB  iis  in  u  chick  embryo  of  the  fiftJi  day 
(Tig-  II'')-  It  nriseH  by  a  considerable  miniber  of  roots  fiwn 
the  Bide  of  the  medulla  oblongntn,  behind  the  roots  of  the  glo«)sa- 
pharyngoal  nerve ;  the  most  anterior  of  the  root*  of  the  poeuiuo* 
gastric  iieive  is,  aa  in  the  chick,  dii-ectly  continuous  with  the 
posterior  root  of  the  glo8so-j>har\Tigeal  nerve  ;  while  the  hind- 
most root  of  the  piieiiniognstric  is  of  great  length,  and  ronsi 
backwards  along  the  side  of  the  medulU  oblougata  to  tlie  gaii'* 
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jflion  of  th**  Bi-ht  spinal  tieivp,  witli  wtiich  ir.  i»  cIom^Iv  oonnoetctl 
(cf.  Fig,  115).  'Hit' roots  of  origin  of  the  pneamognstric  nerve 
oonverf^  to  form  a  slnglo  lar^  trunk,  which  lies  iDimc<li»t«ly 
l>o[iiiKl  tJie  tnuik  of  th«  jrlosso-phftiyngcal  iien*e  ;  it  expands  to 
lonn  n  lar}fe  oiiil  giuifi^liuii,  beyond  which  it  diriilra  into  n  eni&ll 
braucb  To  ibe  secxnid  bmuchial  ardi,  and  n  oiucb  lorgiT  rixceral 
branch  which  runs  liiwlnvanls  to  the  heiirt.  hmir-'.  and  ittoinnch. 

XI.  The  tpiiial  aoceswry  or  eteventh  craai&l  nerr*.  Thi> 
(lerrlopmnnt  of  this  nerve  boit  nut  yet  bwii  d(*t<>miinnl  in  the 
labbit. 

XJt.  The  hypogtoual  or  twelfth  cnitial  strre.  li^adly 
oppoBito  th(>  Tinitf^  of  the  pneumogiutric  nerve  in  rubltit  embryos 
of  the  tvi-elflh  ikv,  but  arising  from  lh<*  ni«<lalln  oblongnt*  at  n 
more  v^utral  l«ve},  and  nearor  the  ttie^liaii  plnne,  is  a  aecoiid 
teit  of  nerve  roots.  These*  are  quitf  m  aomerous  ns  the  niOT« 
dorsally  placed  pneamogasTric  root»,  but  are  more  slender  ;  tlicy 
coarei'ge,  nnd  oniU*  U'  form  tlu^  hypoglossil  nvrvi-.  Anntimiicelly, 
tJie  roots  of  thi>  pneumngnstric  and  bypugloesal  nerves,  at  tliut 
BtAgo,  linvn  relations  closely  comparable  to  those  between  the 
donuiJ  and  ventml  root«i  of  n  »pinii!  m-n'e;  but  it  is  not  yet 
dear  ivhether  tliis  pomparison  has  any  ni'>rphf>lopipal  raloe.  Thi^ 
mots  of  the  hypogloawl  nervr  are  probably  onrnttly  ii'garded 
MS  belonging  to  the  aatne  category  as  th«  veniral  «pinnl  roota, 
but  their  roUUioDs  to  tho  roots  of  th«  pnt>unioga«tnc  moat  b« 
conaidi-red  at  prt-apnt  as  mnch  more  douUfui. 


The  SpinaJ  Vtrvt*. 

Tlif  earliPHt  st«gi'»  in  tbedeve]opm(>nt  of  the  tpiaal  nvrvM 
have  not  yot  bo^u  described  in  the  rabbit.  Tlie  dorsal  rooto 
and  the  (ganglia  are  cWrly  establiidied  by  tlie  end  of  the  ninth 
dny ;  Uie  ventral  rootit  develop  later,  apparently  dnriDg  tho 
tenth  day. 

Tho  gnnglia  of  the  dorsal  ruot«  are  at  first  of  very  coitsider- 
»Ue  widlJi ;  almost  as  wide,  in  loct,  aa  the  meeoblastic  somitee ; 
■o  that  on  tlie  tw^llUi  day  tbore  an)  hardly  any  iiiter^'als  bctwoea 
the  spinal  nerves,  the  successive  ganglia  being  practically  in 
contact  with  one  auotlier  along  the  greater  part  of  the  tengtb  of 
the  spinal  cord. 

Beyond  the  gauglia  the  nerves  imrrow  mpidly,  an*^ 
normal  proportions.  Tlie  main  divisions  of  the  aoi- 
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early  estahliBliw).  and  are  all  prvtiont  by  thv  elevenih  day  (F!^. 
165).  The  nerve  trunk,  beyond  iJie^n^lioii,  divides  at  once  into 
a  smaller  iloreu!  Ijrnncb,  >*n' ;  mitl  »  Inrgen- voiitnil  Iimnch.  KN  ; 
eaoli  broncli  containing  nerve  tibrfti  t'rum  botb  tlie  iloraal  and 
ventral  rixita  of  tliei  nt^rve.  Tbe  dorsal  hruucli,  SK'.  runs  out- 
wards and  upwardly,  to  the  muscles  and  skin-of  the  back  ;  whU< 
tbo  vL'ntr»l  or  inrger  bniiicK,  NN,  v\iu»  ditwii«rard«  in  tlie 
wall,  and  in  the  somites  oppotute  tb«  liiiil»  8«nds  brauclu*«  int 
tlieae  latter. 

6,  The  Sympathetio  ITenroui  8yrt«m. 
This  Las  rfCL-ived  much  uKeutiun,  but  sCTrrral  points  con- 
cerning its  eai'ly  origin  still  remain  in  doubt.  Before  Uie  end 
oTtha  eleventh  day  it  is  already  well  ustablish^d  (Hp.  166,  Nv), 
consisting  of  n  n)aiTi  gftii^!ionat4>d  cord  rumiiiij^  ulonj;  t^ach  side 
of  the  iKidy,  close  to  tbu  doiBal  surface  of  the  nortji,  aiid  i-ecetf  iiif; 
branid««  from  the  ventral  branches  of  th«»  eeremi  spinal  nen-t-a 
ns  it  passes  thestf.  Dr.  Palei-son,  from  olisetrationa  chiefly  on 
mt  embryos,  but  partly  on  rabbits,  concludes  (but  tit;  longi- 
tudinal cord  is  the  finit  ptirt  of  tho  sympathetic  eyetein  to  be 
dtn-vloped,  that  it  arises  in  the  meeoblast  <'tilin-ly  indepen- 
dwnlly  of  Lbi.'  spinal  nerves,  and  is  at  fiiitt  devoid  of  ganglia;  he 
believed  that  the  conuectioa  of  the  longitudinal  cord  with  tfao 
spinal  iiL-rvfif  is  n  secondary  one,  and  is  c IfDct*^]  by  ootgrowtlia 
from  thp  ventral  brandies  of  tliB  ttpiiml  nervns  after  the  lonji^- 
tudiiitil  cords  are  established.  These  obaervatious  arc,howBTcr, 
80  entirely  at  varinnct'  with  what  is  known  as  to  the  dfvel(H>- 
mont  of  the  sympathetic  nervous  flyst<em  in  other  Verti'brfttes,  in 
which  the  sympathetic  developa  mwrely  m  a  spcicialiscd  portion 
of  the  spiiml  iiervouB  system,  that  it  seems  prefenjblt"  to  »n»p<i»d 
jndgmpnt  on  the  mattor.  pending  rt-nt-wed  invostigatione. 

The  connections  of  thi-  spinal  ner\'<-i<i  with  tii«  longitudinal 
aympathi'tic  cords  are  liuiit«d  to  the  thoracic  and  Inmhar 
regions,  but  tlie  cords  tliemselves  extend  forwards  along  the 
neck  to  the  head,  where  tbey  acqaire  oonuectiona  with  the 
hinder  cranial  nerves. 

7.  The  Supra-renal  Bodies. 

The  supra-renal  or  adrenal  bodies,  which  in  the  (idalt  rabbit 
form  a  pair  of  email,  roand,  yeltow  bodies,  n  little  way  in  front 
of  the  kidneys,  ara  develop»d  from  two  distinct  wurces. 
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Tlio  outer  ur  ct^rticol  portion  of  tiie  eapra-rennl  body  is 
(I<<VBloped  froin  a  uiassof  in«i)obliii^  aAi*  which  uppt-nrjt  aliout  the 
twelftli  day,  lying  in  fi-ont  of  tkt*  kidney,  and  between  the  nortn 
ttod  t^e  root  of  thn  mesentery. 

tiio  mmlullnry  ]>i>riitiii  of  tliestiprn-renal  body  ia  formed  frixn 
BOolamnofcell^,  which  gMWft  onb  from  tli'*  loniririidiiial  smi- 
pathetic  cord  about  the  liftoeiith  day,  and  makw  irn  way  into  iJie 
luutobloMtii;  masa  wliich  giveo  rise  to  tke  cortical  layer.  7'his 
mode  of  derelopiDi-nt  agreoA  with  Trimt  la  known  a»  to  the  for- 
mittioD  of  the  supru-reual  bodies  inuther  \'«rt*>brat«»i,  but  leaves 
the  real  morpholotpcal  nu-aaiog  of  these  ctrnous  structuree  atill 
uii(lfcidi.<tl. 

THE   UEVELUPMEXT  OF  THE  BEN8E  OR<:ANS. 

1.  The  Kow. 

There  Is  very  little  of  special  interest  about  the  olbctoiy 
orgni)  of  the  rabbit,  which  nwurahlos  iq  most  f*.'iktuiv«  of  itfl 
d^Tflopment  that  of  the  chick.  A  special  diveniciiluni  aiisM 
at  an  early  stage  Uruin  Mtch  olfiuitoty  sac,  whtcb  acquires  o 
aeparatd  opening  into  the  mouth,  through  the  uoso^pahittne 
cuui]^  and  bocomea  thi*  oigui  of  jMob«on. 

2.  The  Eye. 

The  general  hiatory  uf  dcvclopnK'ut  of  tha  t-yt*  of  the  rabhic 
is  very  »imilftr  to  that  of  the  chick ;  the  fomiatiou  of  the  optic 
vefiiclcs  as  outgrowths  of  the  forv-braiu,  Ihu  doubling  up  of  the 
vediclea  to  form  the  optic  caps,  the  pittiiig-in  of  tJie  surface 
epiblast  to  form  the  Icne,  and  the  snbttctjnciit  fati-  of  tbo  several 
purtit  being  essentially  the  Hiiiie  in  tlie  two  cases.  One  of  the 
inaat  marked  p(Mnt«  of  difri?rvu(.'e  u  the  uuch  umalkT  aize  of  tbo 
vj«  in  tlie  mbhit  (rf.  Figs.  I  l^l  and  118). 

^^  The  optio  veuolet  arise  aa  lateral  oatgrowtlis  of  the  fon^ 

I  brain,  at  s  very  varly  stag«<-     Befom  the  eud  of  tln^  ninth  <h>y, 

I  Le.  befuru  the  fore-hrun.  ia  dosed  dorsally,  the  optic  resicW 

I  O^g-  1 1-^)  ■"*  already  conspicuou?   strnctares.     The  ve^iclea 

I  Mon  becouie  ooiistrict<,tl  at  tlioir  urigina  from  the  for«-braio,  thi; 

I  ooBstrictcd  pur>ionj>  giving  ■  ^j>  tht^  ooii- 

^H  ■trictioas  proceed  bor  *  remain 
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connected  witli  \\ic  ventral  Burrftw  or  floor  uf  the  fore-bmiu 
(Fig.  I^:.). 

The  optic  cup.  On  the  Uaith  day,  the  doubliug  up  oV  the 
optic  vesicle  to  form  the  optic  cup  comincnces,  and  by  the 
fourtennth  day  (Fig.  165)  it  U  c(JiiJi)let«»d.  Th«  process  of 
doubling  up  takes  plncy  in  very  nuioh  Ihf  sanip  vmy  as  in  tlie 
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Fia.  IfiS.— A  tt»ni>Tvn<u  M.-cUuri  acrow  the  be»d  o[  ii  lUbbtt  KialirTO  of  Ibe 
foun«culb  du>'.  ibt'  MUtloii  fjas^lu^  ihrough  ibe  eyes,  ihc  foiv'bniin  nod 

the  cerebral  heniltiiiLeTea.     x  14 

AG.  ^vEitml  [inc-ry  c»f  niJiiH.  trUlutf  fmui  Inliq-nAl  tvirottil  iirl*Ty.    BD.  BuVietf  lb* 

RnjLtun].    B8.  Lii<n-1  rru'rlrli'.  or  luTlly  i>t  Hid  rcnlnal  liciiilirl^cv.    BU. 
Iliiliiuiuii.    FBI.  (•iriiiiii'ii  III  Miiiin>,  Jimti'iii  Truiu  (lia  I'lilnl  tvtitnrJK  In  llw  li 
vuiiUlclb    OO.  lui^iTut  fiiiiiAl  «iiU  tif  i>|<lk-  fu^    OD.  outer  Ml  )>liounit  wallpf  i 
*ii|>.    OL.  loii*-    OM.  iipi'T  <-yi>l>ii.    OO,  li-nw  v)^v4iJ.    VJ.  I'^VTlivf  "In.    3C,1 


.«(lf|N»1 


Luu] 


chick;  an<l,  nlthoiii^h  occurring  .tiintiltAneoQsty  n-ith  the  fui 
tiuii  of  tht-  IcDs.  it  is  to  bit  ii!«:rihe(I  rather  to  u  ctnii plicated 
of  growth  on  the  part  of  the  walla  of  the  optic  vesicle  itself^ 
than  to  tnL'cliauif.il  iiiiniBhiiitr  by  the  dowlopiiig  lera. 

A.  choroidal  fiisure  ih  fciniied  nlong  rhr  ventral  surfaci;  of  tliu 
oplic  cup,  as  in  the  chick ;  the  ouly  ujiportoiit  point  of  difference 
being  titat,  in  the  rabbit  enibr\'o.  tlit.'    |irocees   of  folding   or 
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tlouljling  up  ift  iMi(  coiifin«d  to  tbo  optic  cup  itself,  hut  oxt^^mls 
a  o-rtnin  distance  altiiig  ibe  optic  stalk  towards  ihe  bnio.  Th« 
conaeqaeoce  is  that  the  part  of  the  optic  etalk  near  to  tlie 
eye  (T^ifr-  1"'"')  is  not  n  >iiTi)>It>  (ulx;  with  tliick  wii)l»,  btit  a 
tabu  deeply  ^luovcd  along  itji  uuder  Huifacn  by  folding  of  itA 

WIllU. 

Thifl  gTooTP,  bfing  continnous  with  the  dioroidal  fissun*, 
lewis  into  the  cavity  of  t?ie  ojiric  cup,  i.e.  of  th*'  globe  of 
the  eye;  and  it  is  hy  running  Along  thiH  groove  tliat  tlio 
central  art«ry  of  the  retina,  a  brancit  of  tJie  internal  earotkl 
artory  (t'ig.  15o,  AO).  gains  ndniilfAnco  to  the  int4>nor  of  tlio 
eje.  This  artery  suppliii}  the  retina  throughout  life,  and  during 
thedevdopmciit  uf  ihv  eye  mippUce  the  vitreous  body  and  the 
capsule  of  tho  lens  as  well. 

Of  thp  tvo  walls  of  thp  optic  cup,  tho  dietAl  or  inner  wall 
(t^g.  loH.  or)  18,  fniiii  tlic  find,  much  ihickrr  tlmu  tbe  prosunial 
or  outer  wall,  on ;  tbi-  ilifl<-n-Moe  Iiciiig  a  very  pmnouncedonebir 
the  fourteenth  day.  From  thv  inner  tayor,  oc,  the  eutira  tliick- 
nt*i»  of  thi?  tTtinu  pm[MT  is  dt-vclopcd,  tin-  rods  nnd  oones  being 
prucesM-a  fmiii  tlsiitilt-rMirfiice,  which  do  not  appear  until  (dujrtJy 
l)^lure  birth. 

']"hf»  outer  and  tliinn^'r  »vnll  nf  the  r*ptir  rup,  un,  bnromea  con- 
vortwd,  lis  in  \\'rt''bnil«."-s  yi-nvmlly,  into  tiic  pi^nttia  layer  of 
tl)^  retina;  a  atraluiii  of  hexagmial  oella,  closely  fitted  together, 
with  wliich  t)w  n.'ttiud  rotU  tiltimately  acquire  veiy  clo«e  rehi> 
tiona.  In  the  cells  of  ihiB  hiycr,  granateft  rf  pigment  an>  de)KiBitrd 
at  an  early  stage  ;  and  uji  to  o  late  period  o(  developnient  tha 
bhiclt  colour  of  the  eyn  is  due  to  this  layi»r,  the  choroid  onnt  of 
till'  oyi-  not  di-Tploping,  ur  acquiring  pigment,  until  very  uear  the 
time  of  birth  (r/.  Fig.  150). 

Xear  th(t  fro-  iidg«  nf  the  optic  cup,  the  two  layers  are  ol 
approximately  equal  thicltness  (Pig.  150),  and  grow  forwardst 
in  fhint  of  the  tvus  to  form  the  pigmeou-d  epithelium  of  the 
p06t«rior  surface  fifthe  iriv. 

The  optic  oem.  It  is  at  pn^eent  nncertain  whether  the 
tibros  (if  the  optic  nrrvf  of  the  rabbit  arc  d<-vclopwl  In  «'", 
froiQ  the  wnll.i  of  tJie  tubtil&r  optic  stalk,  or  wbfthcr,  as  ^eeins 
far  more  probable,  tJtey  arise  in  tlf  ~oir  invanls 

a}i>og  tlie  optic  stallc  to  thr  m  tbe 
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two  eyes  rniR!'  cnc  anotbt'P  in  tho  Hooc  of  tbc  thinl  vwntricT 
to  form  i\f  t>|)tii-  rhiuiiinM  (I'lg.  1^4,  <jt),  ami  then  continue 
thpir  gmn-ili  itpwurde  and  bncknTards,  round  tbo  witllfi  of  the 
tore-brain,  to  thfi  mid-brain. 


The  leni.  During  Ihe  tenth  day  tlie  deeper  part  of  the 
surface  eplblast.  opposite  the  optic  vcsicli-,  li&romps  tliickeued, 
forming  tlic  liret  rudimvot  of  lliu  U'liif.  On  tlic  I'levvutli  Amy 
tbiH  tliicki-iiod  piitcli  liecomea  inraginiited,  forming  the  rcHicIf 
(if  the  lenH  ;  the  mouth  of  the  pit  imrmw-g.  and  by  tlie  end  of  tlw 
tvreinh  day  or  early  on  the  thirtceutli  day  it  closes,  complednir 
the  vesicle,  which  (sooii  scpnniti;')*  from  the  »ai-faco  opibliwt. 

j'>oin  the  first,  the  inner  or  di'eper  wall  of  tlie  lens  vpsii'le  is 
much  thicker  tliim  the  oiitt-r  wall.  The  iimt-r  wall  conlinuc*  to 
inorenne  in  tliickiiees,  through  elongation  of  the  cells  composioff 
it,  until  by  Iht-  end  of  tbo  fourtoenth  dny  (Vig.  155,  OL),  tht? 
cavity  of  the  veaich;  is  atmotft  coiiipK-Iely  nblitcrnttfd. 

'ITw*  lens  foutiuuei*  to  grow  r«))idly,  and  throughout  the 
later  stages  of  dt-vclopnient  is  of  large  proportionate  aiste.  IIb 
struptnre  and  relations  on  tiie  twi'nty-first  d»ya^e8how^l  in  Fij?. 
loC,  OL,  whi-rc  its  inner  surface  ia  seen  to  be  very  strongly 
poiiTPX,  und  tlie  outer  atirface  less  markfilly  so.  The  nxial  wlls 
of  tho  lens  rciniiin  &trui|;ht  or  ne;irly  so,  while  the  more  marginal 
onefi  are  curvoti  in  the  direction  indicated  by  the  lines  cros^ng 
Hie  lens  in  the  figure.  Thf  first  formed  part  of  the  lens  acts  as 
a  nuclena,  round  which  succea-iive  Uyera  af  cells  are  added  on  in 
the  later  stages  of  developnipiit.  These  arise  at  tho  equator  of 
the  lens,  and,  increasing  mpidly  in  length,  spread  on  to  tbo  faces 
of  llie  Ions,  over  tbo  ends  of  the  first  foruicd  cells. 

The  lens,  during  the  time  of  its  Ibrmiition,  is  invested  by  n 
sheath  of  iue»(>bliLst.  According  to  Kutlikcr,  this  in  proeonb 
from  the  first  aa  a  thin  lavL^r,  between  the  epihlnstic  thickening, 
whicli  gives  rise  to  tbe  lens,  and  the  optic  vesicle;  and  is  curried 
in  by  tlte  JL-ns  as  tlitH  becuniee  iuvugi:iat«d.  Most  other  in- 
vestigatoni  niaiutuin  that  it  iiri^i^s  from  mesoblust  which  gains 
ndtnittATice  into  the  globe  of  tlie  eye  through  tbe  choroidal 
fissure.  This  mesoblastic  Investment  of  the  lens  is  very  vascidar, 
tlio  blood  beiug  bi-ought  to  it  by  i\  branch  of  tbe  ceutnd  artery 
of  the  i-etina  (l''ig-  l-""'"',  Ao).  Tliis  divides  into  very  numerous 
bmuebeB   on    the  inner  or  deeiier  surface  of  tbe  lens,  nbicb 
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Eorviug  for  itii  nutrition  during  growth ;  it  diimppcars  completely 
when  the  lous  1ms  reocbed  its  full  siae. 

ITie  vitreoa*  body  is  derived  from  t.h«  me«>bl««t  whicli  grow* 
into  the  cavity  of  the  optic  cup,  (.lirough  the  clioroidal  fissure. 
It  18  uxtrcjiicly  vusculur  ui  tbe  earl;  stagea  of  its  foruutioa. 
receiving  ita  blood  from  the  cimtrn.!  nrt«ry  of  the  retioa. 
'lliere  i»  no  tilructuro  in  tho  rabbit  corresponding  to  the  pecten 
of  the  bird. 


'Die  cornea,  (Fig.  I5G,  cc)  is  formed,  as  in  the  chick,  front 
mesobliLSt,  which  siireods  in  between  tlie  surface  epiblaet  anil 
the  leti» ;  and  tlie  anterior  chamber  of  the  eye  iB  a  space  wLicb 
uppi'nnt  at  n  rulher  Uxte  stage,  between  the  cornea  and  ttio  leus. 

The  oboroid  and  aolorotio  are  formed,  aa  m  the  chicle,  from 
the  mesoblfist  smroiiniling  thv-  iipfic  cup.  Thiiy  ari'  developed 
very  late;  and  on  the  twenty-first  day  (Fig.  156),  when  the 
conicib  is  ivull  developed,  the  choroid  and  sclerotic  are  merely 
represented  by  a  thin  layer  of  connective  tissue,  devoid  of  pig- 
ment. The  sclerotic  of  the  rabbit  i»  not  cnrtilnginous  at  any 
stage. 

Hie  eyelids  are  folda  of  .tkin,  above  and  l>elow  tlie  ey«baU.  i 
Thvy  iippi-ar  early,  and  by  lli(«  fourtiienth  day  liave  attAined 
some  size  (Fig.  15a,  oM,  ot»}-  liy  thf  niufteeiith  or  twentieth 
day  tliey  hav«  grown  completely  over  tho  eyo,  and  mevt  each 
other  along  their  free  edges  (-/.  Fig.  14f)  ;  a  little  later  (Fig. 
l&ti,  OM,  oo)  the  edges  of  tjje  two  eyelids  t\J8e  together,  the 
epidermal  layers  becoming  continuous  with  each  other;  tSut 
fiiaion  persists  thronghont  the  remaining  period  of  development, 
and  is  the  cause  of  the  bUndneas  chuructei-istic  of  the  young  at 
birth. 

The  tliini  eyelid,  or  nictitatingr  membrane,  i»  a  Hiinilar  fold  of 
skin,  artsiug  at  the  inner  angle  of  the  eye,  and  lying  betwiMUi 
tlie  other  two  eyelids  uud  tho  eyeball. 

The  lacTymol  glands  ari.^e  as  t^olid  ingrowths  of  epiblast  into 
the  nuderlyiug  connective  tis.sue,  which  .snbHeqnontly  become 
hollowed  out  to  form  the  cavitJex  of  rJie  gltuid-s  and  ditctA. 
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S.  The  Ear. 

ITie  ear  of  the  rabbit,  Hke  tliat  of  the  cbick,  is  derived  from 
a  pltting-in  of  tJie  epiblast  at  tlie  side  of  the  liind-biaio.  By 
closure  of  its  montli,  the  pit  becomes  a  viwicit-  or  sac.  imbedded 
in  the  nipftnblast  of  the  sido  of  the  hvaA  ;  niid  from  the  walU  of 
tbia  MC,  wliicli  nre  of  L-piblcurUc  origin,  thcepilbdiid  liiiiof^ofUi'' 
vestjbute  anil  of  it^  various  proloii^filjons  is  tlei-ivMl ;  the  seiiii- 
circnlar  caiioln,  cochlea,  and  othor  parts  bi>inf*  formod  by  out- 
growths or  rotistrictioDs  of  tlie  originally  Kiniplc  tmc. 

The  ni«sob1»itt  inimedint«ly  t^urroiiiuliiig  the  iiac  ffivv^  n»e 
to  th«  connective  tls£>ue  wall  of  the  auditory  labyrinth,  white 
tlie  me«ohlaet  u  little  ditttanc^  off  gives  (irigia  to  the  cniiilagi- 
nous  anditorycapanle  (r/.  Fig.  159).  lii'twenn  thi*  bbyrinth  and 
the  cartilaginous  capsule  ■  kcHl-s  of  lympliatir  ^pllc<■Jl  ii|>|H*»r. 
filled  with  fluid,  in  which  tlie  labyriuth  hougft  enttp^nded. 
l-'iiialty,  itiiportaiit  iteriea  of  accessory  organs,  chanu'teristic  of 
air-breathing  \  ert'ebrate^ — the  tympanic  mein brant;,  KiiKtnchian 
tube,  auditory  mutns,  anditoty  oasiclfs,  and  external  ear— are 
formed,  and  acquire  definite  r«lalioQ8  with  Ihe  essential  urgau 
of  bearing,  1.9.  the  auditoty  veeide  itself. 

The  finditory  TeUole*  nriBa&iUienbhit,  t^iwards  tlip  end  of  the 

ninth  day,  as  a  pair  of  sliaUoir  deprOflsions  of  tlie  opiblaet  at  the 
sides  of  the  hind-brain.  During  tlio  tenth  day  each  jnt  deepens 
rapidly,  and  bj-  t\w  end  of  the  day  thi-  inontli  of  the  pit  narrowH 
and  closer,  cvuvi-rtiug  the  jtit  into  ilie  i-Kj^ted  auditor}'  i>ac  or 
Teeiole  (Vig.  117,  Ki),  which  lies  imlwdded  in  the  Bids  wall  of 
the  head,  nppo»te  tbe  Rnt  brancliial  nrdi. 

Thi-  auditor)'  vesicle  is  at  first  splM;ricul,  but  soon  beoomm 
triangular  in  outline  ns  seen  in  traiiHverse  sections.  'I'he  dontol 
angle  of  tbo  triauglu,  which  marks  the  pl(i«e  wlu-ro  llie  vosicl(> 
se|»rat«8  firon]  the  exteniol  epiblii.<tt,  grnwti  upwards  lu  a  long 
tabular  procou),  the  noeana  TUtlbuU  (Fig.  106,  kh),  which 
follows  the  curvature  of  the  brain  wall,  and  ends  blindly  al  it* 
donal  extnmiity. 

Fcou  the  outer  aide  of  the  vestibule,  a  wide  lateral  dirorti- 
culnm  arises,  from  which  thu  semicircular  eonals  arc  drvriloped 
at  a  slightly  htter  stage  (Fig.  IbS,  Ei>,  r.ii/    I'he  vcDtivi' 
1^  the  vestibule  is  prolonged  dowuwaida  and  inirarc 
Rager-Uke  prooe^s,  the  oocUear  canal  (Fig.  l- 


Fid.  Ifi'.^A  'liiiiintmiiiittic  s.e(!tiAn  ufr<>'.<  iLr  hcul  :■{  nii  mlulL  Rabbil,  to 
dhow  lbl^  TcLtt'lona  of  Lhi^  iiilornul  vitr.  1  v[ii|iLniii  aivn^~  aod  mr^nitjnuie.  ftlid 
tliu  uudiluijr  osiiclrs.  Tlie  Heclinti  i-  <irTiivii  ils  svaii  from  Ihv  front,  mtd  is 
tukeri  iilon^'  a  lint?  jiiitiiii^'  1\k  ilI-  i<  iu:''  k'tlDra  si>  and  mk  in  Fig.  ICS 
(|j,  iOS).  Tlio  extarnttl  eiin>  arc  cut  than,  close  tc>  ibefr  l«M(i,aad  ibc 
tloccuUr  1obl^s  of  tbi^con^b<.-ltiim.  which  licbrriireon  the  three  adntclnMlar 
oniriiH  (if  rB<'h  nidf,  nrc  umitled  nniitiily,    (Ftoid  Mnrshjill  nnd  llarK) 

B.  liiii.ii.t  cni-Ltr-    BO.  !iu>l-mfii>lt»l.    C.  ™r!'l™.-    CA.  Hiilil  D[Uniii|  niucU 

BT. K<»tH><iilaii  uii II'  HJ-ili'  i>t  itiplijulii.  LA. rlulicllngDBl iKtT7.  M.Mall*w:ta 
ILa  iiMiiT  kkilr  UP'  vim  [lii^rLt'tiB  anil  t^pfm,  UN-  maiuillljli  UO.  iDAduZIa  oUniupttL 
H,  paifiiiir  iiuul  <,'luiuitj<.T.  F.  Mlt  Lwlsi^.  FQ.  i-etutio,  S.  pM-lfiafWilB  puMM 
of  vflvliMvn]-      BO^    niitrlnt  TiTtllUl   ■«mL'-l  rrnliir   <viibL      &0>  9mfn^0^pltttL    7> 

Trii>|«iili-  tiirr--     TC  T>TiiiiiiiJr-  CTirii.t.    TM,  'vntiuiilL^  uii^brvni^ 

Mrtiest  nppeuniuce,  in  iutimntely  conuecCed  witb  the  iuner  waH 
of  thii  vestibular  sac. 
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SOS 


Tlie  condition  on  the  fi(t««ntli  diiT  ia  sbnwn  in  Pig.  1<>9,  tho 
tiection,  on  the  left  side,  being  lukoii  at  a  l(<vc>l  sli^^hllv  aiiteriur 
to  thftt  of  the  rig^ht.  hAp.  The  recessus  Tentibuli,  KR,  is  still 
large,  and  is  tlilnUxl  iit  itii  upper  vod  in  a  chib-iibnpcid  manner. 
Ttw  three  geiiiicircutar  canalii  are  well  MtAblished:  they  are 
foratnl,  as  in  the  chick  and  frog,  from  flattened  aacculur  out- 
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Ptc.  158. — A  %tmatirmnt  >oclu>ii  ncrtm  the  b«ui  of  a  Ibbbtt  KmbtTO  at  Ihs 
Hodof  tliaelv*antliil>j>  tlicBwition  paaairiK  Uimti^th  tlit- mudtilla  oblon^MB. 
Ill*  ««n%  Hjwl  llw  pltf  ryiix.  Th*  iiluiw  of  ■wii.iii  «f  tho  right  lulf  of  Um- 
■tguto  U  »)lghUj  Ntierior  lo  Ut>t  at  tlio  lofi  t^alf.  (Compan  fig.  Li7) 
mSO. 
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I  •tortutaOMidlbilJi 
■ftk    IK  fllbiMMi 


cMt.  ai>.« 


of  Uw  two  TwUnl  mmMimIw  «MBftk    SK  fCUtMMof  UkucMbIst  terlnMI 
•■nMicalar  mil,     BS^  McMov  noaL     mXU  vmetmu  vMbull.    IT.  anllurr 

|Bt(iitu  irin.    vm.nn<Hiiif  wrfu 

grnwihs  of  the  niitlilory  vesicle,  the  two  walls  of  each  outgron-tli 
coming  in  coiitocL  aiitl  fusinff,  so  as  to  tnna  a  carved  tutie  open- 
ing into  tlie  vMtibiile  at  boCh  ends.  Ttie  e«x4ion  (Fig.  159) 
poaaea  thron^li  tlie  st«m  commun  to  th«  tw 
CMialfl,  >io,  and  also  thnmgh  the  h^ 
iemiciTcalar  csnul  has  nlreodv  t 
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The  boily  of  tlie  veatlbnie  is  partially  ilWided  by  a  con^nc- 
tion  into  a  Itu'ger  divif^ion,  tlie  atriculiu,  wirli  which  th«  ^ini- 
circulju*  caiiiil5  nre  connected ;  and  a  smalli^r  division,  the  uc- 
cnlus,  wlitcli  o])en8  tlmmgli  n  iiiiri'ow  neck,  tlie  oanalia  rctmient, 
into  ihn  cochlear  canal,  EL.     Tliiu  lattor  h  &   tulw  uf  fairly 
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FlO.  1GB. — A  trnnsveriw  Hecliun  aonMiS  llic  hcncl  of  a  Iliibbit  Binbrjo  of  tho 
Aft«v[ilh  iluy.  (lon.'^inu  ihrnii);))  Ui>e  nieJiillft  oblt-n^iiii,  t}ie  iitrit,  aiuI  (be 

|ili]ur|nx.     Thv  pl.'ine  of  Miction  of  tb«  left  a1d(<  <.if  ibo  flgiit«  is  fili^illj 

AC-aiMil'I  artnr.  inviiufnT  n  uninll  Irrumli  whlPh  niii>  iIirhikIi  iIw  urvh  >4  tiw 
tl«[>p^  OH.  iiiiiii'liiinl.  IBB.  >)' iii|Niilir  iiirniiliruin  BC>  mnikLiiiniii  uinlltvn 
nilBiilr.  BS.  •^DNiiiiiiii  •Li'iit  ul  iIli^  iHii  tiTilMl  H'loJcin'iiIiLr  ouwl'.  £H.  rticrtulir 
li'>rtbHtul  -^^hitiii'i'iilpir  ■\i[4ftl,    EZf*  fi^iilvwr  miuO-    BOj  ■■H'Tt"*!  ■riHHT#>r\'  irifliiuk 

vuiicrl>]1r.    VJ-i>i|^uUr  Tilii.    VlL  fiLt'ijhl  ur  -I't'i'/ith  fruJiTjil  uen<\ 

uiiifurm  dlninutt-r,  curved  as  Bhowri  in  the  figuiv,  and  with  it£ 
wall  timrk«(lly  tluVker  alou^  the  inner  tfaao  the  outer  side  of 
tlic  cuni*.  A  ciirtihigiuous  periulic  cnpsnle,  EC,  Is  proecnt,  snr- 
rounding  tlie  nar,  Eitit  at  ftotn»  littln  distence  from  it ;  lht>  re* 
OC88U8  vestibuli  iJorie  projecting  Ijoyoiid  the  cajwule. 
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At  n  stage  a  littb  Inter  tfaaii  Uiat  sbowD  in  Tig.  \b9,  the 
cochlear  canal,  wdich  up  to  this  point  has  bwm  odIj  uliffliU}' 
corved,  begins  to  form  tJie  spirnl  tanu.  to  cIiararteriMJc  fif  the 
adult  (Fig.  1£>7,C),  tb«  twriftting  bc-tng  brottglit  abuut  by  growth 
in  a  spiral  mniiiuT  of  the  blind  end  of  the  canal. 

Tlie  ooc]il«Ar  eutiAl  Ivewmo  th(*>cKla  nedift  of  the  cochlea  in 
the  ailnlt.  Imtnedintely  outaide  it  the  meanhlnst  hecmnes  ex- 
cuvated  to  forui  »  couple  uf  tubular  puifMi^i-s,  ihc  icala  veitibiili 
aiwl  Mala  tympani,  which  lie  r«'i>ectivflj  above  and  below  the 
i:>caln  media  ur  cochlcai-  cuiial.  llie  scbIu  voslibuli  aod  iciiH 
tympani  comnience  at  the  h<ifin!  end  of  the  oochlea,  and  gradually 
ctxtend  along  it  towards  it«  apex,  fotlowtng  the  ttimit  of  the 
Bpiral ;  and  ultimately,  on  reaching  the  apex,  ibey  open  into  each 
other,  though  not  until  a  very  late  Btaf[eof  dei*eIopinent.  From 
the  opithclium  of  the  floor  of  the  cochlear  canal,  or  basilar  noem- 
Itrane,  (In-  oigiin  (if  Corti  ix  developeil ;  while  the  roof  of  tiie 
cochlear  canal,  HejjBrating  it  fmm  thL*  acala  vestibnli,  is  spoken 
of  in  the  adult  as  the  membrane  of  Heissner. 

At  the  baxe  of  tho  cochlea,  the  itcain  vvvtibnll  opens  into  the 
peri-tyntphatic  space  mimunding  the  central  part  of  the 
vestibule,  while  tbe  scahi  tympuui  U  closed  at  ite  boee  by  the 
mvmbnuii-'  of  the  feuestra  rotunda. 

Similar  peri-lyniplmtic  p.vsageH  are  formed,  byexoaTOtion  of 
tihe  inesoblaat,  around  iJie  semicircular  canals. 

As  in  l)ie  frog,  there  is  at  first  a  single  patch  of  the 
fipithelioni  of  the  auditoi^  vc«)cle  with  whicli  the  auditon*  nerve 
is  continuous.  This  single^  largo  patch  becomes  ultimately 
broken  np  ioto  several  smaller  onee,  nbich  by  growth  of  the 
inter^'cning  strips  of  epithelium  areae|ULrated  further  and  further 
tram  one  anotber  until  they  reach  their  adult  ptiaitjoiu. 


llie  aocetsory  auditory  apparatn*  of  th«'  mbbit  ta,  tn  a  general 
way,  iiimilar  to  timt  of  the  frog  or  the  chick,  hot  is  more  com- 
plicated. 

Tlie  Hatitiichiim  tube  (Pig.  157,  Bt)  v»  formed  from  tlio 
hyomnndibuUtf  giU-poncli.  T1u«  reacItM  veiy  close  to  the  surface 
in  the  early  stages  of  devi-lopinent,  but  does  not  opeti  to  the 
extrriwat  iiny  poriod.  On  the  eleventh  day  (Pig.  158,  um) 
the  byumandibular  poiKli  reaches  alnioet  to  tho  surface,  tbe 
hypoblast  of  the  {wach  meeting  the  epiblnst  at  tbe  bottom  oT 
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the  externfll  gixxiw.  so  that  tlio  cloft  is  at  litis  stage  closed  ouly 
by  u  very  lliin  braacbial  membrane.  k)i,  fonned  of  e^iblaetic 
and  bypobUwtic  tayori^  witliout-  any  intom.>ning  mesobln^t.  As 
cbown  in  the  Sg:ure.  t\w  hyotnanUibulnr  pouch  lies  at  this  ota^ 
Monie  di&luDce  veiitiiil  to  the  ear,  and  the  two  structures  are 
cotnplelfly  iwde|  lendeiit  of  each  other, 

Br  the  fitVpL-nth  ilay  (Fig.  ]■}'))  Uil-  oonditionK  liuvu  c.liang«d 
inateriBlly.  A  l.liick  layer  of  inesobkiit  has  gmnrn  in  betwwn 
the  vpiblaat  anJ  Iiyjxiblast  of  the  hraiiclii^  menibntae,  no  that 
the  hyoniandibular  poach  ia  now  sepai-ated  from  the  sur&ce  of 
the  head  by  n  ihick  plate,  KH,  which  liecomes  lat4?r  on  the 
tyinpiinic  mi-tnhrano.  Furthw,  by  growth  npwardii  of  ite  lips, 
and  r.tirough  the  general  tliickeiiing  of  the  siAo  wnll^  of  the 
head,  the  shallow  hyomandibnlar  proore  of  the  earlier  stage  is 
convertefl  into  n  deep  pit,  RO,  the  external  anditoiy  meatus,  iha 
margin  of  which  is  already  commencing  to  grow  oat  as  the 
TQcliment'  of  the  pinna  or  exttTnjd  rur  (*/.  Pigi*-  1  I!'  and  157). 

In  th&  later  stages  (r/.  Pig.  157),  the  external  mmtuB,  EH, 
lieooiiiee  much  longer,  and  the  pinna  n.ttaini<  enornioas  dimen- 
sions;  tin-  (ympunic  memlirnne,  tm,  bc-comus  relntively  tnDch 
thinner  thnn  at  the  fifteenth  day ;  while  the  Rutttachian  puaags 
botx)mi!B  more  distinctly  tubular,  and,  owing  t*i  the  fortrmttoo  of 
the  palate,  i',  now  opens  into  the  posterior  uanul  cbnui 
instead  of  directly  into  the  buccal  cavity. 


1 


With  regard  to  the  auditory  ossicleii  of  the  rahUt,  it  is 
difficuH  to  itpoatc  w.4th  certainty,  llie  stapee  (Pig.  169,  Sa) 
foFius,  aboat  the  fifteenth  dny,  iik  a  ring  of  cttrtilag<>,  which 
from  tta  Gnt  appimranci;  is  in  close  connoctiou  with  the  onter 
wall  of  the  pej-iotic  capsule,  and  apparently  conlijiuoas  with 
this,  at  the  plac._'  whi-re  the  faoMtra  oralis  ia  formed  a  little 
later.  The  ring-like  tbi'ni  of  the  stapes  is  appuivutly  due,  as 
shown  in  Fig.  ISO,  to  it«  being  formed  around  a  amall  broncli 
of  the  cwrotid  ni-tery.  AC. 

Conci-'rning  the  origin  of  the  other  two  aiiditoiy  osaioles  of 
the  mammal,  the  malleus  nnd  iucus  (Figa.  157,  U,aad  Idd,  lU), 
there  Ikih  been  miicli  discuEuton.  While  it  appears  very  probable 
that  tliL'y  art!  formed  in  connection  witii  the  caitiUiginous  bais 
of  one  or  more  of  the  Tiaoeral  tutrhca,  investigators  difiisr  widely 
aa  to  \rhetlier  both  are  developed  from  die  mandibular   biu-. 
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wbicli  U  perhaps  the  most  generally  oooeptetl  vieir,  or  lioth 
from  the  hyoideflo  bar,  or  one  fecan  each  of  these  ban.  Th«m 
are,  at  present,  no  recnrjecl  obttiirvntiotiB  which  (l«teniiute  Uia 
nutier  Batt»liu;torily  in  the  cute  of  the  mbbiL 

llietuaUeuB  can  be  reco^Ued  on  the  fift^-euth  ilav  (Kjg.  159, 
Mi) ;  it  18,  from  it«  first  appearance,  inibetldMl  in  tlie  sulj«tancR 
of  the  tytnpaatc  moinbnknc,  fai,  nud  in  fcir  some  time  continuoiui 
w-itb  the  posterior  end  of  tb«  iri.-iiKlibiiltLr  bar,  or  Ueckel'a 
carttlagie. 


THE  DEVKLOPMKNT  or  THE  UIOESTIVE  SYSTEM. 

A.  Tbe  Alunentary  CanaL 
1.  Qeneral  Accoimt. 

1'hi>  (,'t>iuTai  iii^^toi;)*  of  the  development  of  tlie  alimcutAry 
canal  of  tlie  rabbit  is  rioscly  similar  ti>  that  of  the  chide.  The 
gi«Bt''r  pnrt  of  tJie  length  <if  the  canal  in  formnd  Cntm  the 
BBKSteron,  n-htch,  aa  in  the  chick,  m  a  tubalar  cavity  iacluil«d 
wiUiin  the  embryo  by  the  pi-ocese  of  cojistriction,  tiiroofrh  which 
the  embryw  beomn'w  wjinniteil  rn>m  the  yollt-Nac  (<■/.  [''i^.  I'lG 
oud  ll?).  Owing  to  tliift  mode  of  formation  of  the  meeenteroit, 
it  necewarily  oommanicates  with  iJie  cavity  of  tbe  yolk-uc  ia 
tba  early  etagoe,  and  eo  long  oe  the  yullc-stnlk  romniDs  tiibnlnr. 
The  laeiienteron  may,  tlien>fnre,  na  in  the  (-iiiclc,  lie  divided  into 
three  lengths:  fore-got,  mid-gat,  and  faiod'gQt;  tiie  fore-giik 
(Figs.  HO  and  M7,  uf)  Iwing  the  anterior  portion,  in  wbirh 
roof.  Htd«s  and  Huor  on-  all  alike  prL-£cnt  ;  Che  hind-gut,  OR, 
being  the  Bimilsr  portion  at  the  hinder  end  of  tiie  body ;  and 
the  mid-gut,  UT,  bein^  the  raedinn  portion,  which  opens  thi-otigh 
I  th«  yolk-etalk  into  the  cavity  of  the  yolk-snc.  and  which  con- 
rMqueotly  has  no  Hoor.  Fore-gnt  and  hind-gat  increafse  in 
lengtb,  at  the  expense  of  the  mid-gut.  as  the  enibryo  becumoH 
more  and  more  sharply  constricted  from  the  yulk-»ac ;  and 
nltimately,  when  the  yolk<stalk  becomei  solid,  aboot  tlie  thitw 
kteenth  day,  tlie  mid-gut  ah  a  separate  divifiioii  of  the  nitinentary 
*CKnal  ceases  to  exist  (c/.  l-lgs.  Ul>,  1-17,  and  150). 

The  tnoutli  and  anal  openings  am  formed,  as  in  other  Ver- 
tebrates, by  stomatodinU  Kn^  «tions  of  the 
epihlast  at  the  nnbe>  >  cmbryu 
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respectively,  which  iiieot  nnd  open  into  the  meeenteron.  oiiJ 
so  place  it  in  comniunicntion  with  the  exterior. 

TI»>  ttUtn^tirnri,-  canal  i»  «t  firit  straight,  or  merely  follows 
tlip  cm-vatiire  of  the  body,  and  la  situate  iniiiiediiitoly  ventrsl 
to  the  notochord.  It  reinaius  m  thin  condition,  tliroughont  life, 
in  the  pharyngttal  und  ccsnpliagenl  redone,  and  also  at  its  ex- 
tnmir  hinder  t-nd  ;  but  along  the  rest  of  its  ext«nt  it  fthitta 
veiitralwnnia,  remaining  connected  with  the  dorsat  wall  of  Uio 
body  cftvity  by  a  met(tfTiier>'  (Fig.  165,  mh).  In  the  n^ion  of 
the  Kiiiall  iiitestiae  the  alimentary  canal  iticreoaes  iti  length  far 
niorft  riipidly  than  tlit*  hody  of  the  embiyo,  and  beoome«  in 
(M^nNefiiienci"  tlirown  into  folds,  in  order  that  it  may  be  acoom- 
niodatctt  wilhiii  the  body  cavity. 

'2.  The  StomatodEEum. 

Till'  rd-ilions  of  the  stomalodwal  pit  are  practically  lli«  name 
iw  ill  the  cliich.  IVrfonition  <if  the  stoinatocla-al  membrane  is 
effected  at  an  early  stage,  before  the  end  of  the  tenth  day.  ITie 
pituitary  lx>dy  arises,  still  earlier,  as  a  divt:-r(icalum  from  tfaa 
jweterior  and  dorsal  angle  of  the  stomatodceol  pit ;  its  fuithar 
developtiK^nt  h«.t  alreiwly  been  described  in  thft  8i*ction  dealing 
with  the  fbrmatiou  of  the  brain  (p.  376). 

3.  The  Buccal  Cavity  and  Pharynx. 

The  pliaryngenl  ivgion  of  the  tneaenteron  is,  from  the  fir*t, 
distingaisbL-d  by  it*  ^T-'iit  widlli  (Figs.  l-jS  and  159,  tp).  Early 
on  the  ten tl I  day,  the  branohial  pouches  ame  a'^  paired  diverticula 
from  the  Bides  of  rlie  ph-irynx  ;  and.  opiwijiite  to  the  outer  ends 
of  the  branchial  pouches,  branchial  groorea  are  fontietl  on  the 
surfucL-  of  the  neck,  marking  out  the  boundaries  of  the  Bereral 
viscera]  arches.  The  walk  of  the  bnuicliial  poncfaen  nnd  of  the 
convspuuding  branchial  grooves  couie  into  oloi>e  ooatuct,  a  thin 
branchial  mumbrane  (Fig.  lltS,  Eii),  consisting  of  epibla^  and 
hypoblast,  without  any  intervening  mefi'thliu^t,  alone  separating 
^0  two.  This  membrane,  however,  renimna  intact;  and  in  ttie 
rabbit  none  of  the  gill-clefts  are  ever  completely  fbrmedf  or 
open  to  the  exterior  at  any  stage  of  development.  There  «* 
alio  no  traces  of  gills,  either  external  or  inlernal,  at  any  period 
hi  the  rabbit. 

The  visceral  arches  ure  well  deve1ope<l,  anil  on  the  twelfth 


-ioa 


TOE    ]l.\BIl]T. 


thf!  hyamoadibular  groove,  nu,  ia  >jy  far  thn  most  couspicuous. 
Thi-  ftiitlier  drvt-lopmrnt  of  the  liyoinaiwlibular  glt>Ore,  and  the 
mode  ui  wbicli  it  givv:*  rist?  to  the  external  auditory  meatus,  bare 
alivudv  lieeti  described  in  tli^  action  do'jtiing  with  Uie  par  (p.  397). 
Ills  tongue  is  developed  as  a  Bwelliiig  in  tJie  floor  of  the 
buccal  cavity  ;  it  commimcoa  to  form  ou  tlie  twelfth  or  tliirt«eut]i 
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Fia.  ini.— A  iUbbit  Bmbr.vi>  iit  the  endol  the  iw-ilftli  <1hj.  m>i>i)  frani  U>« 
light  «lda.  Tbo  yol1t-*l«lk  mi<\  nllfUilolc  etiilk  mi.:  c>ii<  itmrt,  clote  U>  Um 
boi\y  of  tlic  c-iitbri'o.     x  f). 

BXi.  rvT-brllimi,  BU.  inl<3->inlri.  BB.1,  tnt  ItniicliUl  *j«h.  BTi  anjIcnT- 
i-n!c']r.  HM.  l>,l'iiiii>'T»l!Jiii)iir  jirmri'.  HT.  ■lyol'l  nicli.  LA.  fur*  RluK  IiP.  lunit 
llmh.     UN.  iiiaiiilitiiiLii'  nroli.     1C8,  mnnlilwitli-  (oiiilw  er  inMovm^im.     ICX. 

MIL    Vlr.  ("ortb  inltrioln  of  liniiiL    TB.  ^a))!.!*!!!)!,  oiit  ■liurt. 

dfty,  and  hy  the  eighteenth  day  (I'^ig.  lol|  t^)  has  attained  llie 
fomt  characteriBtic  of  t,hu  udult. 

The  boundary  line  between  stomatodieum  wid  mceeiiteroa  le 
impoBsible  to  fix  nb^oliitnly,  in  tlic  litti-r  Htagc«  of  d«^v<^l<)i>ini'nt ; 
but  its  position  may  Ij**  iipproximat*-ly  dsterraitied.  if  it  be  re- 
memberetl  that  the  stalk  of  the  pituitary  body  (Pig.  lol,  it) 
uisrlcs  the  posterior  bourwlary  of  the  stomatoda-'uni  io  the  ni!d- 
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«loi«il  line ;  while,  on  the  floor  ot  tlii<  biiociil  cavily.  \hn  boonilory 
liiK;  lira  in  front  of  the  root  oF  the  tongui* ;  Ihf  wliolcuf  the  luiiguu 
being  fonned  fi-om  the  inesenti-roa,  mid  bf  itig  tJiL-rcrToro  covered 
with  hyi)ol)lft*t.ic  epifhi-liQin. 

Tli^  p&lftte  is  roiiiit.-c),  about  the  litWiith  day.  Iiy  a  pair  of 
horixoiitul  ridges  which  f^-vvr  inwanta  from  the  9id««t  uf  the 
WocaI  cavilv,  niiil,  luM-tiiig  onrh  (ith<-r  in  the  mmliau  plane,  fnaa 
to  rorm  B  horizontal  shnlf  (Fip.  151.  rt),  vfakb  tepBratea  tba 
nasal  chamher  nbore  frtitu  the  buccal  cavity  below.  Tht*  rasjon 
of  th*t  two  hnlves  of  Uie  palato  pro«««ls  from  before  bnckwards ; 
Aiid  the  palnt^^'  mde  with  n  free  po»ti>rior  edge,  b(>hind  which 
the  na^l  mid  Imt-cal  cliambt^ni  am  contiiiDouit  with  each  other 
(Fig.  I.M,rr). 

1 .  The  (Exophaj^. 

'lliv  hiad'-T  cud  of  the  phQiynx  iiarrowg  very  npidly,  and 
passeb  abruptly  into  tl^-  straight  lulraW  o-AOphngiu  (  Vig*,  loU. 
and  151,  to).  It  luu  not  yet  beeu  det«muued  whi-lher  iha 
CBBopha^H  of  the  mbbit,  liki^  that  of  the  clitck  and  tadpule, 
passes  thron^h  a  aUxffj  in  which  iL  i»  itolid  for  u  tiint-. 

0,  Tbs  Stdmach  and  Int«atine. 

'rite  trtotiiach  In-comcs  <^vidont,  as  a  distinct  dilatation  of  iho 
alimeutary  canal,  about  the  tJiirtoealh  day ;  its  long  axis  at  fintt 
corresponds  with  tlint  of  the  Imdy,  Imt  Iat»?r  on  it  shifts  its 
position,  and  Ix-conu-a  pincvd  ut  lirst  ubliqui-ly,  and  then  almoat 
directly  across  tlie  body. 

Thi.'  iiit4^tiiif  undergoes  changes  correepondin;;  fairly  vIocM'ly 
with  thoBc  alrrndy  di-i^cribed  for  tho  rliick.  'Hie  Icngthmiuf^ 
of  tJie  intestine  is  effected  abnost  entirely  in  two  situattoos, 
giring  nso  to  two  voiitmlly  dirwl^'d  Ioo)m.  Of  th^se,  the 
proiamal  or  dvoianal  loup  is  fonniHl  ittiiiiediately  behind  tbe 
ii(oinac3i,  and  in  the  rabbit  atUtinM  a  contiiderabtc  length  (Fig. 
160,  p.).  Tlie  ilietal  or  Tit«lUnt  Imip  is  formed  by  elongation  of 
the  >*tihaped  luop  of  the  iiitestJoe  already  present  on  the 
twelfth  clay,  and  from  the  apex  of  which  the  ydk-etalk,  VK, 
arises;  the  vit«lltne  loop  attains  nn  enormoas  length  in  the 
mbbtL 

A  short  length  of  tlie  intestiue,  bw 
Tttdline  loops,  remaina  in  the  rabb 
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tkronglioiit  tlie  whole  periMl  of  dt'vi'lopment ;  it.  is  ftttach«I  lo 
the  dontal  wall  of  tlie  l)frtiy  cavity  by  a  very  slioit  tnescDterial 
fold,  atid  is  easily  rccvgm^trd  iu  aa  udult  nibbil. 

A  wi'll-dftveloiwd  po8t-»nal  gut,  or  prolongatioii  of  the  hinder 
eud  of  tilt*  inteBliiin-  into  liie  i.'iil,  is  present  on  ihe  teiiili  aud 
eleventli  days.  By  tho  twellUi  iluy  (Fig.  loO),  tbo  greater  pnrC 
of  tliiK  )in»  iLlrcndy  rHsai^peareil;  a  small  diverticulum  uf  tlif 
cluucal  cavity,  ur,  marts  its  busnl  portion,  nud  dvtacbed  frag- 
ments of  it  may  persitit  for  n  time  at  intiirvals  along  tho  tail. 

TliU  post-unnl  g-iit  i»  proiiftlily  a  sacondan'  iViitiire,  nnd  due. 
u  in  the  t'ro^,  to  tie  dravniig  oat  of  tbt)  aliiiient&ty  CAiud  inta 
the  toil  us  this  lattfi-  k-iigtlieus. 

6.  The  Proctodffinm. 

ITie  proctodanim  in  the  rabbit  is  little  more  than  the  actual 
aoal  opeuiiig ;  it  develops  lato,  niid  i&  usaally  not  fornit^  nntil 
sboiit  the  SLxU-fQili  dnv. 


B.  Organs  Developed  in  conntctioa  with  the  Alimentaiy  Canal 

I ,  The  Teeth. 

Teeth  are  cutiuieoiis  structures,  developed  from  the  mucoua 
tnembrnDc  covering  the  jnw«.  They  op|)e.ir  in  rabbit  i-uibryos 
during  tlie  thiitl  weei:.  and  are  at  first  independent  of  the  bon* 
of  tho  jaws ;  iud(»^>d,  th«  up]K>r  ti'Clh  dev(?lop  before  tim 
maxillaiy  boncB  art'  Ibrined  ((/.  Fi^.  15(IJ.  The  jawltont-s,  hyvv- 
cvor,  soon  acquire  close  relnttons  with  the  teeth,  growing  i-oand 
tlK'm,  and  iiiclwiug  them  in  sockets. 

In  th^.  rabbit,  a.i  in  Mainmals  gtiiierally,  there  arc  two  sets  uf 
taoth,  known  ag  milk  or  d(?ciduoua,  and  adalt  or  permuiait, 
retpectirely.    The  dt^ciduons  dentition  of  tiw  rabbit  is  repre- 

Beiited  by  tie  fonniila :— di.  ^ ;  dc.  ^r ;   dm.  ^  i  tbe  corremcaid- 

ing  fonnuU  for  the  pemmQeiit  dentition  being, 
•>        n  3  g 
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Tht"  milk,  or  deciduous,  t-peth  in  the  rabliit  are  lost  vf  rv  t^nrly. 
Tliif  dectdiiPiifi  iiicisoi-s,  corresputiding  to  the  large  chiael-Mhapod 
incisors  of  the  pi-rmanent  set,  are  very  buibII,  and  are  shed  before 
till'  birth  of  the  young  rabbit.     Tho  second  pair  of  deciduous. 


inciiior*  of  the  upper  jaw  (iro  miicli  Inrg^er,  and  persist  m 
runctional  teflli  for  «bo«t  tliiw  weeks  after  birth,  Ij-Jug  wwlgpd 
in  btrtween  the  lar^e  »oi  Bmnil  permaniiiit  Incisors.  For  th« 
tirst  thr*e  wt-eka  rifVr  birth  there  are  thprcfoP'  tliTW  opper 
iuciM)r8  on  each  siJt>  in  thy  raW)Lt;  the  first  ami  tJiirJ  UniiKthe 
ppnnaiicjit  inciflors,  ami  ihc  niitlille  one  being  tlie  deciJuo"* 
serond  iiiricor,  which  Iia3  not.  yt-t  ]xfn  sbf<I.  'The  dt-ciiluoos 
molnnt  (Fig.  loG,  tf^  tu)  arc  of  oonsidemble  siae,  and  persist 


r*.  or. 


KM.  ftOu  u,  n A. 

1^19.  IfiS— Th*  (kvll  a(  lh»  Rmbtii'.  fir-ni  tti«  rfitUt  •IiIcl  The  middl*  pOHion 
or  Uia  n-gomnilo  vch  bimI  iho  rijilil  lutlf  o(  Uw  wiMidllrlo  bttTV  bocn 
itmoTtd.    CFroin  UanhnU  nnd  Hnm.) 

fnnnw.  aQ.t»<(««ri|iUl.  Bft»w»  »>*»'«■'■  Cwliuloxidflr.  lKB«Mllbitor 
•IMfAjMfc  BOi  wi-tvatUti.  r,  UmitL  TA.  InniMii  tumttn  MWlw  Fh, 
Ibraoiai  Ittni  i»«JIiwb.    0>  ortillal  snvMk  ftv  >H4Nlnlnila  dlrMan  f4  utmnliMl 


n"".  I.*'iW»tnTU[ipETliietBr,  IP. hifnt^tfMliil tm»>n«.  IP, Intev-wMiL  J.lmiTT 
Iwian-.  Ih  Itnyul  Unw  U>.  l«nji«l  liwn*.  IK.  BuJIIk.  MN.  Bw>llUr. 
N.  »ul  luM  OP.  opU*  AniupK.  OS.  •uMlMt'i'MM.  P.  fulAd.  PB.  h*r- 
•Dalfiul|»eMMaru4od|«d.  PX,  inltllnotHiM^  PH.  t«»muIIU.  PO.|HTb>tlr. 
PT-ptoTVoM.  &«|bhmL  aK  •'Silik.nvUAl  lonmni.  SO  ■■i«^«'->|iiu>L  T, 
milMWtMn  BiLQiDnrtM  |«n»*^aiuuu,ffdi>lan.  B8>«nuni««|nMB 
•(■iwbhmI,  flU  Aral. 


until  Ibrwo  or  Tour  wedn  nA^.'r  hirtJi.  ulicn  tlify  nro  piwhed  oot 
by  t])«  prrmnncnt  promotftis  <li<vp|o]>'4l  bcm^nth  Ihem. 

A  fully  fonned  tooth  consists  cliic-tly  id'  d«ataiie.  co^-ered  on 
its  crowD,  or  f^Hnding  sarfaoe,  with  a  cap  of  «  very  hard  and 
(tetisi'ly  caloiliMi  >inb8tiktic«,  the  snunel :  luid  invpel«d,  c.«)x-ei»Ily 
round  ii«  d»-i-i»iT  piut  oi  "  ^nnv  sulistuiicc,  Ih*- 

Mment.     Tlii>  dou(  cavity,  In 

whicii  u«  lod->  <o  tooth. 
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ThiM«  gftin  mlmitlAnc«  thmngh  h  Ini-gi^r  or  sinftllcr  ticile  iit  tlip 
TDOt,  or  fang,  of  tlic  tootli ;  the  bole  remaining  widely  ojwii 
throughout  life  in  th«  mbliit,  and  otlier  aniuiala  in  which  thu  trrtU 
grow  continuonsly  throughout  life,  but  becoming  i-edticed  l'» 
onp  or  more  very  boi«I1  apertm^s  in  tlic  ninjority  of  ^Inuimals.  iu 
which  t.hp  tertli  cense  growing  uftiT  tlipy  Iiave  ivached  iht-ir  full 
sizo. 

Teeth,  as  already  noticed,  are  entaneons  Btraetnres;  and  oV 
the  substances  of  which  the  tnoth  Cfinsists.  Die  enauneJ  is  fonned 
from  thi;  vpitboHiim,  and  the dfntinv  iimJ  cvmi'Dt  from  the  onder- 
lyiiig  cnniiertivi'  tissue  layer  oi-  derrais*. 

Tlie  firet  step  in  the  fonriatioii  of  a  tootli  coneints  in  an  in- 
growth frnm  the  ildi-per  layer  of  the  qiithvliuni  into  thi'  con- 
nective tissue  of  the  gum  («/.  Fig.  !-"•()).  Tliis  inprowtb 
&00U  beccii](>s  hollow  and  flask- si lapyd,  its  di-ejier  end  dilating 
into  a  sac  Cl''ig.  1  ■">(»,  n).  while  ils  sitiwrficial  jtarf  formsauan-ow 
soliJ  iifck  or  stiilk.  %vhtch  remains  in  coniiccfiun  with  thesorrBcc 
epithelititn.  Opposite  the  deepi-r  end  of  the  fiasb.  tha  connective 
tissue  of  the  gum  becomes  condensed  lu  foi-iii  the  dental  p&pilla 
(Fig,  150,  tm).  The  dwper  end  of  thoepithi-lial  llask,  ol- eaamel 
organ  as  it  isealli-d  (Fig,  156,  tt),  now  Im-coiiu'a  closwly  app]i(>d 
to  the  dental  papUhi,  which  gnidually  acquires  the  definite  sJiape 
uf  tlie  cmwu  of  llie  tooth  Xo  which  it  is  going  to  give  rise. 

TliB  enamel  organ  (t'ig.  15(1,  tt),  at  this  Btage,  is  a  Battened 
BBC,  coneisting  of  outer  and  inner  epithelial  Inyeis,  and  having 
itn  cavity  occupied  by  a  n-ticulum  of  etellato  cells;  the  outer 
epitlieliiil  layer  is  still  ooiiiieid^d  with  the  suriiio'  epitlielium 
by  a  narrow  stalk  or  string  of  cells,  while  the  innei-  layer 
fonna  a  cap,  closely  embracing  the  top  and  sides  of  the  dental 
papilla. 

This  cap  consists  of  a  single  layer  of  vcrj-  regularly  arranged, 
six-ttided,  columnar  epithelial  ceUa  ;  and  it  is  In'  calcitientioD  of 
the  aubstanoe  of  these  cells  that  tlie  nnnnicl  layer  of  the  tooUi 
is  produced,  (.'nlcification  conimencps  at  the  eurfnce  of  the 
enamel  organ  m.-xt  to  the  dental  papilla,  and  gradually  spreads 
outwardw  through  the  cells  of  the  enamel  organ. 

The  drtntine  is  formed  by  calcification  of  the  dcnttd  papilla, 
find  is  therefore  of  roesoblastic  origin,  raleificiitirtii  appears 
first  at  the  snrfsce  of  the  pnpilla  next  to  the  enamel  organ,  -"o 
that  the  crown  of  the  tooth  is  the  first  part  to  be  formed ;  and, 
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vrlwn  once  ooaiplrtsdi  unfurtlier  chnngein  theKhapeof  tbccroivti 
can  occur. 

The  inoilt*  of  Tonnation  of  the  dAntim'  is  ns  Toilow*.  The 
cells  at  tiie  surface  uf  the  deutul  pfkpilla  form  a  ningle  layer 
of  Boelv-  granular  nuclentnl  cells,  cloaelj'  amui^feil  ride  by  side, 
nad  «pokeu  of  m  odontoblattt.  11tf>  meat  stiperticifti  {wrts  of 
the  odontoblasts  become  fon\'ert«J  into,  or  else  form  by  ex- 
<n%cioD.  n  Kelaiiaoutt  matrix  ill  which  calcification  voon  occurs, 
furming  thu  <lcnli>ie.  Tho  deeper  pnrts  of  the  odoiitobtaata. 
contaiuiug  the  nuclei,  renuiin  soft,  wid  unaltered  ;  tliey  give  off 
fine  processes  towards  tlie  iiarfucc  of  the  tooth,  which  li«  in 
cbnnnelH  in  llie  dentine,  these  dianneU  lieing  the  dentinal 
tubules  of  the  ndolt.  By  a  continnance  of  tliJA  proems  the 
dentine  increaKcs  in  thicknefls;  the  odontobla.<it!i,  which  arc  the 
odivi*  iig>'nts  in  the  process,  forming  n  Iay»rr  on  the  innw 
surface  of  the  dentine,  and  finding  out  fine  radial  proloDgatiooa 
intu  the  dentinal  tnatrix. 

The  felUelt,  or  tMth-MO,  is  formed  by  a  condvntMition  of  the 
vasctdar  mei!<ol>)ast  urmiiul  the  tooth.  11ie  aMnent  is  a  thin 
layer  of  hone  formed  i-oimd  the  tooth  by  the  wall  of  the  follicle, 
wbicii  nets  ns  tlie  periontcal  mrmhrane. 

The  [H-rnuLtient.  tuutb  are  furmwd  in  the  fniix!  wiiy  as  the 
decidaouH  teeth;  their  enamel  organs  arisingasontgrowthsfWim 
the  neclcs  v(  those  of  the  deciduous  te«th  (Fig.  156), 

2.  The  Thyroid  Body. 

The  lhyn)id  hody  of  the  rnhbtt  urines  ejirly  in  the  tenth  day, 
as  n  me<lian  ihickeuing  of  tJie  epithelium  of  the  floor  of  the 
pharj'nx.  which  grows  downwards  into  the  connective  tisxne 
iuinie<liately  in  front  of  the  i)erieardial  cavity.  The  stalk  of 
UMlliection  wilh  thfr  pharyngeal  floor  narrow,  and  during  the 
eleventh  day  diuippeurs,  leaving  the  thyroid  as  a  solid  epilbrlial 
l>o(]y  (Fig.  ISO,  Til)  embedded  in  the  mt-tiohlKst  of  tho  floor 
of  the  phan,-nx,  immediately  in  front  of  the  truncnn  nrt^'rimns, 
end  betweei)  the  nxilfi  of  the  e.troti<I  arches. 

In  the  later  stages  the  thyroid  body  widens  tr«nfi\-er««ly. 
giving  off  tiro  lateral  lobes  which  rapidly  increase  in  nize.  A 
cavity  nppi.*ars  in  the  nie«lian  |K>rtion,  and  eoon  extend"  into  tlie 
lateral  lobt'^,  from  which  oalgrotwlhei,  some  bullow  and  some 
solid,  soon  nrise.     As  ihe  heart  shifts  back  wards  into  the  thorax. 
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the  thymid  bi>(ly   a-im   moves  its  position,  commg  into  close 
relation  with  ttit-  upper  rings  of  the  tmclica. 

G.  The  TliTmof. 

The  tliyiiius  of  the  rabbit  ia  formed  by  bud-liki:  oiit^TDwU» 
from  the  upitlifiiuni  of  uiic  "f  tin-  hinder  brittieliial  jkiucJiki. 
These  buds  tirst  beconio  t'oiispirumis  alioiit  the  fuurtceQlh  d»y  jj 
they  Nmin  ar-punitc  from  tht-  walls  of  the  pharyux,  and  ^mduallj 
shiPl  Ijackwm-ds,  iiiCTeoeing  grpiitly  in  size  as  thoy  do  so,  until 
they  Tdocii  their  tiiml  position  at  the  antpri«ir  .-nd  of  tlie  thorax. 

A.  The  Lsnga. 

The  lunga  arise  in  tho  rubbil ,  much  as  in  tlii'  cluck  or  (togf 
from  tlie  ventral  wal!  of  the  uiasent^ron,  at  the  place  wher 
it  naiTow>,  iin mediately  behind  the  phaiyngeal  region,  to  form 
the  a>Bophagiis. 

On  the  tenth  ilny  the  cavity  uF  the  ssopha^fl,  which  is 
elsewhere  circiihir  in  traiiBverer  wctinn,  becoTnoH  laterally  com- 
pressed ut  lis  antfriur  end,  iiumi-dintitdy  behind  I Ik^  plinryngc^ ' 
region.  By  the  notgroTOth  of  two  horizontal  ridgea  from  it 
side  ivutU.  which  iiiei't  luid  niiite  in  the  median  phine.  a  «hcirl 
length  of  the  cesopliagus  l>ccon)f»  divided  into  two  tul»c8 :  of 
thei^e,  tiiv  doi'sa]  liilit;  i»  th«  (r-aophagus  itself;  while  the  ventml 
one,  or  laryiigeiil  chikuiher,  is  a  short  T  ube,  ending  blindly  behind, 
but  opening  iu  front  into  the  cE&ophagiis  through  the  orifice 
which  nfU-iwardrt  bi-CDmi-s  tJie  glottiN  (cf.  Fig,  l.Vl). 

h\-om  the  lui-jiigeal  cliainbtr  the  lungs  ariue,  uu  Lhc  (>li>venlh 
day,  as  a  pair  of  lattrai  diverticula,  which  grow  backwards  along  i 
thi'  dorsal  |mm-<,  uf  the  body  cuvily  anil  I. be  aid*.':*  of  tin-  <C!i(>plui|^T 
(Fig.  160,  lg). 

The  Iiiiig3,  being  thus  formed  as  outgrowths  from  the  ali- 
tnentarv  canal,  will,  like  the  canal  Itself,  have  inueobhustlc  walU, 
lined  by  a  hypohlastic  epithelium. 

On  ihi;  twelfth  day  secondary  outgrowths  ari«*  from  the  i 
tube  or  bivnchus  of  eiich  lung,  and  tliesd  in  the  later 
branch  fr»t.-ly  to  form  thcr  suiiilier  bronchi,  from  ibc  fcrminal 
brancliPH  of  which  tlip  air  cgUb  are  formed  about  the  I  iuie  of  birth. 

The  bmnchiiigs  of  tlm  bi-onchi  occur  almost  entirely  toward;' 
the  dorsal  and  outer  surlai^cs  oftlic  lungs  (Fig.  1(>3),  i»  that  thn 
original  OF  main  bronchial  tubes,  LB,  lie  close  to  the  inner  enrfaeej 
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of  the  liuigi<.  'Hie  siuallei-  bronchi  divide,  for  the  moat  port,  in 
n  i-egalar,  dicliotomouE  tnonuer,  as  shown  on  the  right-hand 
Bide  of  Fig.  Ki'l.  'J'he  brniwhiu^  o.t.  fiivt  nfiVoIt*  tUn  liypo- 
r^lafitic  lining  sluuc,  liut  about  the  tliirlti-uth  ur  ruurlei'iilli  Oay 
(I^g.  1G3)  tlie  nivBoblasltc  vralt  beoonies  i)i%'ide*I  hy  exU>mAl 
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Fid.  lU.-  A  imiuTcrM  ■ecUon  noou  tli«  thonx  of  ■  BnbUt  Embrro  of  iha 
•iit««nlb  da}-.      »  IB. 
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{grooves  or  clen«,  u-hicli  mark  out  Ihe  boiiiidariui  of  the  main 
^iubes  of  the  tunj;^.  'Ilio  trachea,  or  uit-dLsu  port  of  the  iiir 
nge,  is  nt  lii^t  ver)-  nhoii  ;  bur,  iw  thit  neck  itlonj^al««<,  and 
tba  luogK  gel  carried  Inck  into  tlie  tlionx,  the  trachea  nipiilly 
iDCreasra  in  lengUi,  nnd  by  the  cigUteeutJi  day  (r/,  Vi^.  Ul) 
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tlie  liyoinajidibalar  grwvt.  11.M.  in  by  fnr  the  most  coDspiciioiis.i 
Tlie  furllier  tJevelopment  of  the  liyumaiidibulur  ptxire,  and 
mode  ill  wLicb  it  givL-s  risv  to  tlit>  ext«riiAl  auditory  meatus,  have 
already  been  ileHcribed  iii  the  aectiou  cloaling  with  tho  tnr  (p.  897), 
Thi'  tongue  is  ilevelopetl  as  ii  swelling  in  iJie  Hoor  of  the 
buccal  cavity ;  it  cormnences  to  forra  on  (lit-  twclftli  or  thirtceutli 
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Via.  int.— A  Itjibljit  Embljro  al  Ihe  i-ndot  i\m  int-lfili  •Imv,  •evn  from  tbe 
right  side.  TUo  yoIk-«talk  aud  aU«utt>iu  sinlk  aru  cm  aWt,  cIom  to  Uie 
body  ot  the  eiubrjro.     «3, 

BIi.  rmJa.llum.     9H.  nilil-linln.     BRJ^  DM   t>n>iiali<>1  irnti,     2L  ajHUnf* 

lol'l*-    HlC.  I^iininuililiiiliir  rnimii.    HT.  lignilil  iin-)i.    1.A  '.    IiP.  Mm 

Htob.     HB,  manililiiiliir  mi'Ii.     XB.  uiaiblutli'    >i>iiitir  i'  -ra.     tint 

tmnJUtif  txiiL    00^  "^y-    OFi  "I'"'''""' pit-    TA-i-'i'i'i'-''^  -iinrt.    TIj, 
talL    TTi  tumtii (onirioJ* of  brmln.    TBljiiIk-adilk,  nn  'tuin. 

day,  ami  by  (lie  oi gliU'snth  day  (Fig.  151,  ts)  faas  Attained  tiM 
fonii  clmracterist  ic  of  the  adalt. 

Tlie  boundftrj'  line  bt^tween  stoiiiatodftuin  aiid  mesenteron  is 
imiKisnibh;  to  lix  absolutely,  in  tht;  hitei-  !<tngei<  of  dcvt^lopmeut ; 
but  its  position  may  Lr  npproximnUjIy  dotermiiied,  if  it  be  re- 
meinbered  that  the  stalk  of  the  pituitwy  body  (,Fig.  161,  rr) 
marks  ilie  posterior  boaudary  of  tlie  stomatod^om  iu  the  mid- 
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itorml  lino ;  while,  on  the  floor  of  thebucol  cavitr,  Ihn  bonndiiry 
lino  Itcftin  front  nf  the  root  uf  die  tODgut.-:  tliu  vrliolroT  tlirton^o 
Iwiii^  CoruieA  from  the  inpaentcron,  aiid  being  therefore  c<n'ere<l 
willi  hypolilft^tio  cpilholium. 

T)iR  palate  is  fnm)(*(3,  about  tht-  filUfnth  day,  tiy  a  pair  of 
lioriwiitol  ricl((eB  wluch  grow  inwanla  froui  tli«  sidiM  of  the 
buccal  cnvify,  and,  nieotin^;  encli  othiT  in  the  niL-ilinii  plane,  fm» 
lu  Ibnn  a  iiorixmitnt  Kh<>lf  (Fiff-  lb\,  I'L),  TChicfi  e^puiitra  Ihn 
iinanl  chninb<-i'  nliove  fn>ni  thu  buccal  cavity  below.  The  fiuioD 
of  thf  two  lialvea  of  tin*  juiUte  proci^eds  from  bi-fon"  Imckwanls ; 
mid  the  paints  L-iids  with  a  frtv  postt-rior  wig*.  b.«hind  which 
ihu  iiasiil  luid  biiccnl  clianibL'ni  are  contimiouti  with  each  olJier 

(Pig.   lol,TT). 

i.  The  (Esophagus. 

Tin-  hiuJ-T  Liid  of  the  pliaiyax  uarrowg  v«y  rapidly,  and 
passL-h  abruptly  intu  ilio  stnti^jhl  tti)iiikr  lusophagait  (I'igta.  loO, 
uid  151,  TO).  It  baa  not  yet  bveii  iletArmiiied  wlieLlier  th« 
CDaophagua  of  tlie  nbbit,  like  tliat  u(  tlic  chick  and  tadpole, 
pasBM  thwugh  a  kta.gv  in  which  it  ia  sobd  fur  a  timp. 

5.  Iha  Stomaeh  and  InUttiiie. 

The  stomach  iM-coioce  evident,  as  a  distinct  ditalation  of  the 
alimentary  caual, about  the  thirtc-enth  day;  its  long  axis  n1  BnA 
con*eeponds  with  that  of  the  body,  but  latt^-r  ou  it  shifVH  its 
position,  and  becomes  placed  at  Svel  obliquvly,  and  theo  olmoab 
diroctly  acroas  the  body. 

Thf  iiilfstiiio  inuler;go08  changes  corrMjwiidin if  fairfyrf»wdy 
with  tlmut'  already  d«cribed  for  the  chick.  The  k-ngtheniog 
of  tho  int«a4iae  if  efltvted  alinoett  entirely  in  two  situations, 
giving  rise  to  two  vmitrally  directed  loops.  Of  the««,  tho 
proximal  or  duodenal  loop  is  formed  inuiiedialely  behind  the 
stonuich,  Olid  in  the  rabbit  attains  a  conaiderable  length  (Fig. 
ICO,  b).  Tlie  distal  or  TittUlne  b-w.p  i.t  fomicd  bj-  i'Iougati<.ii  (tf 
the  > -shaped  loop  of  the  intvstine  already  present  on  th« 
(welftb  day,  aiid  from  the  apex  of  which  the  yolk-stalk,  YR, 
arises;  the  vitoUino  loop  attains  an  cnormoos  length  in  the 
rabbit. 

A  nbort  length  of  the  inteatinc,  between  the  duodenal  and 
ritcllinp  loops,  T«mains  !ii  tlu*  rabbity  as  in  tlio  diick,  stationary 
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oloacal  diUtatJoii,  »nd  neparatiog  the  two  Btructarett  from  v<acii 
otber  Iraliiud  Lbc  [)omt  v(  D])<.-iuag  of  tbo  Wullfiuii  duct,  ix  a 
8«ptuni  of  connective  tissue,  whioli  is  well  aeeu.  in  Uie  HgUK, 
wjioiw  il  is  rroescd  by  rhe  referencti  line,  TC. 

During  the  iii'xt  Hutu  days  ibi^  eoptum  esteads  bookwaids, 
it«  gixuvtb  lieiiiff  effected  by  tlie  union,  in  tlie  median  pliuie,  of 
two  Intei-al  ridges  to  form  a  m«ltaD  partition.  'I'his  partition 
divides  tbe  cloacal  chnmlwr  intx)  two  sepaiare  portions,  a  dnn-al 
or  rectal  cliarabcr,  nail  a  veiitnd  vr  iirino-^-nit»J  chumWr,  Tlio 
{jrocLodioido|it-iiiiigi.t  eBtnbltsbed  by  tliietinie,  and  tlie  partition, 
oil  ruacliin^  tlie  surface,  divides  tliis  opening  into  i^epanle 
anal  and  luino-genltal  apertures,  tbo  partition  it«clf  Torniing  Uie 
purinic-tiiii.  it  Iransverse  septum  lit-tweeii  tbe  two  apertim-^. 

Tbe  anil!  opening  liea  on  the  poBturior  surfuoe  of  the  ddaciJ 
papilla,  alinusl  in  tlie  iuigle  belween  the  papilla  and  Ibe  tail,  e^i 
tliat  the  cloacal  papilla  is  from  this  time  onnivrnrHl  M-itJi  tlii- 
«rino-gi>nital  organs  alone.  'I'hc  cloineftl,  or  genital  paptUa  iw  it 
may  now  bt*  leriued,  elongates  fousiderably.  and  tbe  uriiH>gcmtiil 
aperture  is  prolonged  as  a  median  groove  aJong  its  dorsa1orpo»- 
tfiior  Mirfuci^.  Kroiu  tbis  stagi*.  development  differs  in  the  twu 
Hexes  :  in  \hv  male  the  two  ]i|ui  of  the  gnwve  unit«  to  form  the 
pcniiil  urL'thm,  tho  pupillu  il*L*lfbecomingtbocor()usspongiofiuni 
of  the  penis.  In  tbe  female  tJie  groove  remains  open.  ite.  bonlere 
forming  tbe  lips  ofthi'  vidva. 


DEVELOPMENT  OK  TKE  RE.VRT  ^VNI>  BLOOD- 
VliSSKLS. 

Tbu  geueral  relntions  of  tbo  bcart  and  its  various  canities, 
and  of  the  great  arterial  and  Tenoas  trunlcs,  and  the  changM 
wliicb  tbey  undergo  duriug  developuieut,  ait-  much  the  same  in 
tin;  rabbit  as  in  the  iliifk,  audit  will  nut  be  necessary  toilmtcribe 
tbem  in  dt'tnil  in  tliiN  chnpl^r.  The  clmngiui  in  tbe  heart  itself, 
and  especially  tlie  mode  of  foniiation  of  the  .inpta.  bj'  which  the 
several  carities  are  shut  off  one  auotbei',  will  require  closer  con- 
sideration, 

liftsides  the  vcsst'ls  of  the  embryo  itself,  there  are  two  es 
embryonic  vascular  ayateois: — (i)  the  vitWlim*,  or  yolk-aac  cii'- 
ciitalion,  wliich  is  cainpamtivoly  iinimportaiit  in  th«  rabbit; 
aiid  (U)  the  allantoic  or  plncental  circiilntioUt  which  ig  of  the 
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atmoet  importaoce,  as  it  atrords  the  iiieiiii*  through  which  th^ 
«nbryo  receivw  its  snpply  of  iiuirtni<-nt  from  the  moitier,  nad 
i»  euaklotl  to  «ff«:t  tlie  iieceKsaiA-  rfctpinitorj-  and  excretory 
iaterobiuiges. 

1'he  ritvlline  circulation  n'iti  lie  dealt  with  iu  tb«  prnwDt 
iteciioii ;  the  rdations  of  the*  Allantoic  \'«BelB  io  the  placenta 
will  bf  trenteil  ^I'pnmtely,  in  the  concluding  «ectioD  of  this 
chnptcr. 

1.  The  Heart 

TliP  ht^jirt  of  tlio  rnbbit.,  like  that  of  the  chick,  is  fnrnird  by 
Ibo  union  of  lh«  two  vitellltu*  veins,  which  return  to  thu  i-i»bryo 
the  hlood  fi-oiu  thf  Tiwcular  anrs. 

The  v-it^lline  veinN  are  fonned  in  the  nieeoblost  of  the 
HplancbucpU'un.*,  ond  up|Xu-tr  ut  au  enrly  sl«fr<-  of  development, 
when  th<*  foldiiij^-iiB'of  thi^embrj'ofrom  tlie^olk-snc,  by  the  side 
foUU,  has  only  just  comuiencud.  'Hi*  right  and  left  vitelline 
veins,  and  consi-cjannlly  the  two  hnlvi-n  of  tlir  heart  aa  well,  are 
therefore  at  tti'^t  n  Odriiiiderabli'  dislano-  iipan  ;  and  iti  rabbit 
«mbr^-i><(  (if  thu  ninth  day  (t'ig.  l+o,  r)  they  n|)pe»r  ab  a  ]mtr  of 
tubes,  lying  nlong  the  siiien  of  the  head,  oppmito  the  hind-brain. 

As  tht-  sidt^foltU  deepen,  conetrictiiijf  off  the  embiyo  from 
the  ycJk-wK',  Ihc  two  tubes  get  carried  runnd  to  lh«  vontrol 
gnrfacv  of  the  embryo.  wher«  they  li(<  closa  blether,  nde  by 
eide.  About<  the  middle  of  the  t«Dlb  day  they  fuaa  tugetber  to 
Ibrni  a  single  tubular  ti4.-art,  tying  in  the  Hoor  of  the  phatyngeal 
region  of  the  tneiiRnteron,  and  having  rnlntiona  very  siniiiar  to 
Uime  of  the  bwrt  in  o  diick  embryo  of  about  the  thirtieth 
liour. 

In  the  htttiT  part  of  tiio  tentlt  dny,  the  heart.,  whiie  it  remains 
altarhed  to  the  tloor  of  tlie  phar>*nx  at  lioth  its  ends,  heooiaea 
free  in  the  middle  {>i.irlii>u  of  iio  length  ;  and,  growittg  ra|Hdly, 
bangs  down  into  the  body  cavity  as  n  loop,  which  eoon  becomea 
twisted  on  iteelf  like  n  letter  S,  and  pttrrially  divided  by  con- 
Htrictiona  into  chnmbcnt  (Fig.  M7.  B).  Thi'  liiader  or  proximal 
limb  of  tilts  htutrt,  which  n><^Tea  the  great  veins,  is  the  udq* 
veoosns;  the  first  la>p  of  the  S  is  the  anrieular  portion;  the 
'noond  loop  is  tltu  vmlriculiu'  |K)rtioii ;  and  tho  diHtal  nr  nnberior 
limb  is  the  truncuii  arterioeiis,  from  which  the  aortic  archf«  ariis 
««  right  aiwl  lefl  btuoehes. 
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Thp  litt«>r  cliangvs  iirnltfrgoni>  by  tlw  liOArt  ww  of  wry  «Jf 
ftiderublf  inlerpal,  and  liavu  been  describwl  with  great''  caiv  hy 
Bom.     It  will  bd  conveiiJetit  to  deal  wtcli  the  fiererni  CBvitip.<i 
in  ord«r,  beginuing  at  tlic  liindLT  or  venous  end  of  tlie  lie«rt. 


Tb.e  sIdus  Tenosna,  tm  thr>  i<-iitb  day,  is  &  v<-ssel  runuU^ 
transversely  aci-osH  the  Imily.  and  slightly  ealarge-.]  nl  it«  two 
onds  to  form  tlic  rig>it  nn<i  left  coriitin  or  liorn^.  JCach  liom 
receives  Hiivc  veins ; — (i)  llie  CuvierJan  vein,  wliicli  is  formed  Ijy 
the  junction  of  t.ht>  aiit.prior  and  juMeriorcardiiifil  V(.-ins,  retim- 
ing venous  blood  fmm  tlie  body  of  tlii^  ftnbryogoDcrally  ;  (ii)  the 
vitelline  vein,  n^turnlng  bl»(id  from  Ihe  yollc-snc  ;  (iiij  the  allan- 
toic vein,  i«tiiniLnjf  bloudfrntntlie  nlliuitois.  The  siiiusvunosaa 
IS  at  this  (itagt'  n^Arly  oyniriiL'trical,  mid  upoos  into  tbo  ituriciiliir 
cavity  by  a  wide  medinn  aperture. 

By  the  Hiiventh  or  twilfth  iluy,  tlir  rijjht  honi  of  ttip  siiiua 
veiiosiiN  has  liwsomt;  much  lutgi-r  than  th*^  left  born.  *i'hc  nllan- 
toic  and  vitalliiiH  vfins,  in  place  of  opt?iiinj(  8i>parately  into  the 
Hinns  venosiiH,  now  iiiiite  before  rracbing  iho  licart.and  disclmr^ 
into  the  »iiitiH  through  ti  ningle  vt-in,  the  jjtisitffior  vena  caYM, 
Thp  pnstfiriop  vena  cava  and  tJie  right  Cavierian  vein,  or  rij^it 
Anterior  vena  cava  a*  it  is  now  tomifHl.  oj)pn  into  rh?  larger  or 
light  horn  of  the  sinas  venosus;  wbili:  tbc  ^lualltrr  left  bon 
Tooeives  only  tht*  left  Ooviwrian  vein,  or  left  anterior  voua  cava. 
The  opL-uitig  from  the  #inu8  veiiosn-''  into  the  auricle  hns  iMir 
becoini^  mtrre  -'^lit-like,  and  li-ude  distinctly  into  the  right  haHf 
of  the  auricuUr  chamber;  tJie  slib^lilco  opening  t»  bounded  by 
two  valvn-liko  folds  of  the  endocardial  lining  of  the  heart,  which 
may  be  termed  the  right  and  left  venous  vaives  respectively. 

At  a  later  xtago  tbe  etnus  venueus  bccomoe  abeorbt^  into 
therif?htauri<'lo,  of  whiciiit  now  formR part ;  thp  three  veniecavie 
opening  Beparatcly  intu  the  auricular  cavity.  Of  tlio  Iwo  venoos 
Tolves,  tbe  Utt  oue  dietippears,  while  the  right  one  beoomes  tlw 
Euatacbian  vaire,  by  which  the  blood  fpoiii  the  posterior  Yesa 
cava,  and  for  n  time  that  from  tlie  right  anterior  vona  cava  an 
well,  IB  dirftcted  int«  the  left  auricle. 

The  aorionlar  portion  of  the  heart  'I'he  originally  single 
auricular  chatuliur  b^^Cl)m4.■s  divided  into  right  and  left  auricles 
by  a  septum,  which  arises  during  the  twelfth  day  frota  tlie  doi'sol 
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wnll  of  the  auricular  chamber,  attd  grow»  dtm-u  into  il»  otrit)- 
{ef.  Fig.  163,  no).  For  a  time  tbe  loirer  and  |KHterior  edgtt  of 
the  amiculur  seplom  18  freo,  I)n(  duntij;  flw^  fi)HH«<'iit)i  day  it 
I»et-t8  anil  fiisi-^  with  a  cushiun-likc  tiiicktuiiiig  of  the  uiarf^iD 
of  tb«  nuriculn-veiiti'iciilnr  aperture. 

n.-forc  t)ii«  fusion  ia  completed,  liow«v>-r,  n  nov  ftp»i-tur«,  tlie 
foramen  orale,  is  formed  to  tlie  dnr>«]  ntid  nntci-ior  pnrt  of  tlio 
aui-iculni'  aepluin,  througli  wbicU  five  i-vnuiianicatwn  Mwecn 
tbe  two  Hiinclc«  is  maintaioeij  up  to  thi>  time  of  birtb  of  the 
young-  rabbit. 

'lite  jmbuDiiary  v«ins  drn'r.lup  rather  late,  niiil  nre  of  nninll 
five  until  Qiiar  tbe  tjim?  of  hirth  ;  tbf  two  vi-iiis,  from  tbi-  ri^lit 
and  lell  luiigfl  i-eap«h.-tively.  iintt«  to  form  r  sinftle  \'Ofleel,  which 
opeus  into  the  doiHnl  wall  of  tlie  left  naricle,  verj'  close  to  the 
auricular  M-pttim. 


The  ventriciilftr  portion  of  the  heart.  Tbe  ventricular  caviljf 
is  at  lirsl  BingK-,  »ii<i  rt-o-ives  llie  blo<'J  from  the  auricular  csrily 
through  n  truoHV^'r^u  »lit  in  its  domal  wall. 

Tbe  division  of  the  ventricular  <-avity  intj>  riglit  and  IcA 
ventricles  in  effected  by  a  septum,  which  ffrowa  opwardo  fn)ni 
ibt-  npex  of  tbo  veiitriciv  tonnnls  thi?  auricuio-vontricular  apcr- 
tniv.  This  ventricular  septum  (<■/.  Y'l^.  I(i3)  appe^int  aboot  the 
twcllUi  day,  and  its  po:^i(iou  is  indicated  from  an  early  pi-riod  by 
a  ((Toove  on  tho  aurface  of  the  heail.  The  eeptuni  remoiiui  in> 
oom|>lete  for  sonie  time,  tbe  two  Tontriclescoininunicnting  aboff! 
its  free  inlge.  About  tbe  Glteenth  day  the  Replutn  mf<eti,  and 
uait(-«  wilb,  the  cushion-like  tbickeainjot  of  tbu  margin  of  tlio 
a urtculo- ventricular  aperture,  and  so  completes  tb*^  snpiimlioii 
betweeit  the  twu  ventricles. 

Tilt-  tbickf-iiing  of  the  wall  of  the  n-ntriclo  is  effcctrd  in  tho 
6r«t  instance,  junt  iin  in  ibc  frog,  by  tbe  iuji^routb  of  musrular 
trjvbocolie  into  the  carity,  wljidi  unite  to  form  a  rMicnIam  {ff. 
Fig.  1C3).  tbe  proper  wall  of  the  reulricle  reniaininfr  thin. 
In  the  lotvr  »lage*.  howoTcr,  the  outvr  wnlU  nf  tbo  ventriclea 
thtekni  considerably  tbronghout  tfaeir  entire  ftubitance.  Up  to 
ihe  tiine  of  birth  there  ia  practically  uo  clifTerence  tii  ibickni-H-. 
betweeu  the  walls  of  the  riffht  and  lelt  veiitfic''^  o*"  •««>'^iici.' 
lo   be   overcome    Ix-ing   approxitaa* 
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The  tronciM  arterioins  bocomeB  divided,  much  as  in  the  cliick 
or  in  the  fm^,  by  an  iitr^niallon^irudinnl  septum  ;  wliicli.  ari^ng 
betwecu  tbc  rootM  ot"  l)i»  systvuiic  mid  pulmonwrj-  nrchcs,  gro** 
bairkwards  in  u  aomewUat  s[)iral  coui^*,  diridiu^  tlie  Imnctis 
arti;i-i()8UK  into  riiflit  or  pulmonary,  and  left  or  aortic  tubei. 
The  8t-ptum  conliouce  its  gn>wtb  buckwarils  iiitlil  it  niReta  tfac 
opik^r  fn*i'  i'djfi*  nf  tlio  voiitriculiir  si*]ituiiij  wHli  which  it  fii^ws. 

Aflep  the  truiicus  artoriosus  is  thus  divided  iutt-TiiuUy,  an 
external  groove  appears  on  its  surface,  opposite  l:he  LntemAi 
soptuin  J  and  this  groovL*  deepens  until  it  splits  tbo  trnncim 
nrterinsuii  into  two  completely  si^parate  and  independent  ve?- 
Bels,  of  which  the  riyht  une.or  pulmonaiT  trunk.  ariBfa  from  the> 
rigbt  ventricle,  and  tli?  lett  one,  or  aortic  tmnk,  from  the  l«it 
wntvido. 

ITie  semiliiDiir  valves  are  foiTOfd  by  projections  of  the 
thickened  endocnrdiuiu  at  tlie  roots  of  the  piiltDtmary  niiil  iiortic 
tranks :  the  vulvo«  iiro  nt  first  thick  and  sott,  but  later  on 
beoomo  nit'nibnnioti!«. 

2.  The  Arteries. 

in  tho  rabbity  oa  in  the  chick,  five  pairs  of  nortio  arches  aw 
develnped,  which  appear  in  order  from  liefnre  linrkwards.  By 
tht-  iiiiiUlli-  of  the  t«utb  day  tlie  iirst  Urn  pairs  are  prosvnt-,  in 
the  mandibular  and  hyoidean  arches  i-eepecttvely.  By  the  end 
of  thi-  tenth  day  a  third  pair  nf  jmrtic  arches  h  present,  in  tlie 
first  bniuchiul  arirbt-a  ;  und  before  the  end  of  tli«  elevi-nth  day  the 
reiuoiuiiig  two  pairs  are  established,  in  the  eecoitd  and  third 
bmiidiial  arches  respectively. 

Of  these;  fivr  puin;  of  atirtic  ai-ches.  the  first  twopaira,  in  the 
mandibular  and  hyoidean  arches  rcKpeclivnIy,  lotie  their  coddcv 
tiona  with  the  dorsal  aortai  during  Uif  eleventh  day,  and  become 
reduced  to  the  artorics  of  the  Hotir  of  the  month  mid  of  the 
toii^e. 

The  aortic  arches  of  the  third  pair,  in  tlie  first  hraucbinl 
pemist  as  the  carotid  arteries.  They  n-tikiu  for  a  time 
connections  at  their  doriial  ends  with  tlie  fourth  pair  of 
bnt  ultrimjitely  lose  thfse,  ninl  from  this  time  send  blood  to 
head  alone ;  each  divides  into  external  and  internal  carotid 
arteries,  supplying  the  parts  outside  nnd  inside  the  skull 
respectively. 
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'ilie  aortic  arclies  of  the  fonrhh  pair,  in  the  secood  bnucbial 
armies,  are  the  (jstviDic  airclie*,  nrhioh  hy  iheie  anion  form 
t)io  donal  aorta.  At.  Iintt  the  veattelo  of  tlie  two  ituVi;,  right 
atid  U-l\,  aif  ol'  equal  size,  but  from  a  very  early  period  llie  left 
ooe  l»^oin'>s  tlir  Uir>{vr,  nod  ultimately  forms  the  arcb  of  tJi« 
>rt«  in  the  aJiilt.  'I'h^'  right.  s^-iiU'inic  arrli  [MTfli«tit  for  some 
'timo,  but  ultimately  disappears,  witJi  the  excBption  of  its 
proximal  parU  which  is  sud  to  give  origin  to  the  ri^t  sub- 
cla^nan  artery. 

The  aortic  arclios  of  the  fifth  pair,  in  tho  third  branduAl 
archi-)!,  are  tJiu  pulmonary  archei :  fi^tm  thmn  Uie  pulmoDary 
ttrterit^  nriif'  n>*  posteriorly  directed  branches.  Tlie  pulmonary 
arches  retmn  their  connections  with  the  dorsal  aortaj  throughout 
the  whole  period  of  intra-at«rine  life^  np  to  the  time  of  birtb ;  these 
coonectioos  ha%'iog,  oa  in  the  chicle  embryo,  a  most  important 
inHuencf  on  the  course  of  tJi«  circulation.  At  the  time  of  birtli, 
the  pert  of  each  pulmonary*  arch  betwecu  tlie  origin  of  the 
pulnionar>~  nrier>'  mid  the  aorta  (cf.  Fig.  1-8),  n  part,  known  oa 
rhi.'  daetua  arttrioaoi  or  diictaa  Uolnlli,  l*<>cnrn«8  obliterated; 
and  from  tliin  tiin<-  the  blood  driven  into  the  pulmonary 
arches  by  the  right  ventricle  ciin  no  Ioniser  pass  directly  to 
llie  aorta,  but  is  all  seat  througlt  the  pnliDonary  arteries  to  the 
longs. 

Zimmermnnu  has  found  traceti,  in  rabbit  embryos  of  the 
etereulli  day,  tif  a  pair  of  aortic  urchee  between  tben'stemic  and 
palinoaary  arcbos.  This  obscrvution,  if  coolirmnl  by  future 
iiivc^tifiation,  will  be  of  considerable  inten-at,  na  showing  that 
the  pulmonary'  nrchoi  of  the  rabbit  ari'  the  sixth  and  not  th« 
ftdh  pair,  and  that  the  pulmonary  arteries  tberefore  ari»ti  iu  the 
rabbit  from  the  same  pair  of  arches  as  in  the  l>og ;  in  other 
rords.  Iliat  the  pulmonary  arteries  are  ttrictjy  comapoiuliRg 
ucturoD  in  thf«i<  two  typrn. 

Aa  regardfl  tlie  arteriea  of  the  tranlc^  tlio  two  donal  aortie 
nre  at  first  distinct  along  their  whole  length,  and  the  allantoic 
arteriea  appear  as  though  lhcTiven<  direct  posterior  continoatioiis 
of  the  aortte.  J/atrr  on,  the  two  aortic  unite  to  form  the  definite 
don^l  acutii,  whirh  it)  mntinned  as  a  narrow  median  candal 
artery  to  the  bindur  end  of  the  embryo  ;  the  allantoic  artuiu 
fVx>u  this  time  appcuriug  a»  branches  of  ilie  aorta. 
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3.  Tlie  Vtiat. 

Thu  goncTftl  relfttions  of  tJie  veias  in  the  rabbit,  ood  the 
chaugm   which   thev   tiitdergo  during  developtaent,  am  vwj 

simiW  to  tlioRe  described  in  ihe  next  ctui](Ier  as  seen  in  ll» 
bumati  wnlwyo,  and  will  not  bu  Jcfiit  with  further  in  tliit 
Boctioii  (<*/.  pp.  378  to  583). 

4.  Tlie  Ooaree  of  the  Clroulatioa. 

It  will  be  convenient  to  give  here  a  brief  iiccouDf  of  tiie 
couree  of  the  circuluti'xi  during  tho  latter  hnlf  of  intra-iir^rjnr 
life,  (vheii  the  placeutiil  eiicukiioti  in  in  fail  swiuir-  and  also 
a  aamiuary  of  the  changes  which  occur  at  the  tjmo  of  birth. 

AsrcganUthchoail,  till!  Vfiitriciilar  eeptuin  is  compI^-te,a8ij 
nlsotJiaBi'ptuni  of  tit«  truucuH  nrlvrimns.  Theimncular  sepCaiB 
is,  however,  iiicoiii|i1et^,  the  foramcQ  ovale  ntloninff-  blood  to 
pass  across  dii-ectJy  from  the  riglit  to  ihc  left  auricle. 

Tbo  blood  in  bnniglit  to  th«  right  suricle  bv  the  thrvts  yans 

cavED.     Of  these,  the  right  and  left:  anterior  vfiruu  caric tlw 

CuvieriRn  vt-ins  of  the  earlier  stages — retnm  tothf  heart  venoas 
blood  from  the  head  and  from  part  of  iho  trunk  of  tht;  Ptnhr^o. 
This  is  recoived  into  tlifr  right  nnricle  and  driTcn  bv  it  Inio  the 
right  ventricle. 

Tiio  blood  ill  the  posterior  v<-na  cava  is  derived  from  manf 
sources.  The  main  factors  are  tJw  altniitoic  veins,  wlucb  rMuni 
to  the  heart  the  blnotl  from  the  placenta,  blood  which  i»  arte- 
rial both  as  rcgurda  uutrilii-c  mntti-r  und  ns  regards  its  contained 

gaSBH. 

Thp  otlipr  faftnr.'i  of  tlip  pi.ati-pior  vonn  cava  are,  tJie  vildliuB 
Teiiw  from  the  yolk-suc,  which  an^wnall  and  coraparniivelT  an- 
iinportant ;  Uie  mesenteric  veins,  which  return  venous  blood 
from  the  alimentary  canal  of  the  embryo,  and  which  are  of  9tn»U 
n'ud;  and  the  jiostcnor  vena  cava  itgelf,  which  returna  blood 
from  t!iu  kidneys  and  the  hiadt-r  part  of  the  botly.  Of  ttiae 
factors,  the  alliuitoie  veing  are  Roinurh  the  largi-tst  that  the  blood 
returned  by  the  posterior  vena  cnra  to  the  heart  may  be  riifhtly 
spoken  of  at;  arterial.  This  arterial  blood  is  diacharged  into  ibe 
right  auricle,  hut  never  really  entws  the  cavitv  of  the  auriclet, 
since  it  is  directi'd  at  once,  by  the  Kustnehian  valve,  thmagh  the 
fonuuen  ovale  into  the  left  auricle,  and  driven  thence  into  th»  , 
left  ventricle. 
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Th«  rigbt  v«iitricl«  ia  tlins  filled  vritli  vcthmis  blooct,  and  Uw 
left  Tentricio  wiUi  arterial  bloal.  On  ttic  vi-ntriciilar  siystole, 
the  arterial  blood  from  the  K-ft  ventricle  is  driwn  tlixouph  the 
aortic  tmak  and  thi>  cnrotid  arlATii'M  to  th<^-  head ;  whilf  tbc 
vonoott  blood  from  tbt^  right  vt'Oti'iclu  is  driven  through  the 
pulmouiu>-  trunk  aud  pulmonary  arcbfs  into  the  doml  oortA, 
and  then  backwards  along  tbo  body,  tht-  great'T  |«rt  puslng 
■long  the  Ifl.rg>'  allantoic  art^rii-a  to  the  placi>nta. 

The  rbangi*^  titat  occur  at  birtJi  are  practicnlly  thv  same  as 
those  which  are  effected  in  the  chick  on  hatching  trf.  p.  SH). 

(i)  The  riteUisa  and  allaatolc  eirculationt  arestopped.  The 
roeiilt  of  tJiia  in  that  the  bloMJ  in  ibi:  pc^tcriur  vnia  cjivn  is 
fmm  llii:«  tiin«  venous,  ainc4^  the  arterial  supply  prcvionsly 
brought  by  the  allantoic  veins  is  now  cut  off. 

(ii)  The  dnctne  venosns,  or  din-ct  |ia»«gc  thron^h  the  liver, 
iiicloKcd.  'I'lx*  ctU'i-t  iiF  this  cliaufftf  is  that  all  (h<*  blooil  hiY>ugbt 
tothc  liver  must  now  ^ii-<  Ihriitigh  ita  capilUri^s  in  order  to  get 
to  the  heart,  wben-as  formerly  the  ductus  venoxOH  affoixled  ashort 
cot  by  which  thf  liver  cn)>ill.iru-a  c.^ld  be  avoids]. 

(iii)  The  dnctoi  artehoaiu.  or  daetiu  Bot&lU,  cltMes  on  botli 
sides  or  the  body.  'I'hii*  renders  it  impossible  for  bloofi  from 
the  right  vvutricle  to  get  directly  into  the  aorta.  All  the  blood 
from  the  right  ventricle  ha«  now  to  pnm  along  the  pulmonary 
arteri<<«  to  thp  Itmgt,  ad(1  the  pulmonary*  Teasels  consequently 
dilate  very  considerably,  to  accommodnk-  thi*  increased  qiwutity 
of  blood.  A  further  elK'ct  is  tbiu  tlie  donnl  aorta  now  receives 
it«  blood  pupply  from  the  left  vtiitricle  itiftlead  of,  ii>  foniii-rly, 
from  the  right  ventricle;  i.f.  it  now  ooDtains  arterial,  instead  of 
venoua  blood. 

(iv)  The  fiiram«a  ovale  doses.  'I^his  is  efiect^  at  a  rather 
later  Htage  than  I  ho  nther  duuiges.  When  it  is  complekil,  the 
blood  from  all  tbn>e  vcow  cmTB  cnten  the  right  nuricli;.  and  is 
driven  rmni  thix  inio  the  right  ventricle;  whili*  the  unly  bluod 
entering  the  let)  auricle  is  now  tbe  blood  returned  from  the 
lungs  by  the  pulmonary  veiDx,  tmmIs  which  np  to  the  time  of 
birth  are  comparatively  nmnW  and  insi^iticuut,  bnt  which  dilate 
very  gn.iatly  as  »oon  m  lung  breathing  is  establishMl. 

The  circulntiun.by  these  chaugeB,  becoowfl  tlial  uf  the  atlult. 
A  complete  double  circulation  is  established  ;  the  right  and  left 
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sides  of  the  heart  are  perfectly  distinct  from  each  other ;  ud  1 
get  from  oiio  sido  to  the  othtr  the  blood  most   paaa  tbroo^ 
«itl)or  the  pulmonary  or  tha  i^ai«niic  circulMiou. 

5.  Tha  Circulation  in  the  Yolk-sac, 

Tho  cireiilfltiou  in  tin- v.-.ll;->:fic  is  definit*>Iy  *«tablishpd  h^ 
the  tenth  day,  and  presents  soine  points  of  interest. 

In  the  rabbit,  as  in  other  Vertebrates,  the  vitelline  vesKb 
are  developed  iu  the  innur,  or  aplanchnopleuric  lnvpr  of  llip 
mesoblast,  beyond  the  t'mbryonal  area  (Figb.  Mti  and  1  -17).  Th* 
raCMobldHt,  na  lUready  uotici'^l,  only  cxtcada  orer  thio  nppcr  half 
of  tlio  blastodermic  Viwicle;  the  lower  half,  or  hcmispbi- ro,  baring 
A  wall  composed  of  epiblast  and  hypoblast  alone.  The  houndaiy 
between  these  two  lialvi^s  is  a  ishnrp  one,  and  is  indicated  by  an 
iiniiiilar  ves-st'I,  this  i*iims  tiTtiiinnlin  (Figs.  14l>  and  1  17,  SlX 
which  raQB  roand  the  margin  ol  the  mesoblast.  and  marks  the 
outer  limit  of  the  vnsculftr  are«. 

Thy  coureo  of  the  vilvlline  vessels  In  thi-  rabbit  diBlTs  ta 
some  impoHunt  respects  from  that  of  tlw  chick.  In  the  cluclc 
the  vitelliiK-  artcrii^s  siid  vi>infi  \i«  iu  two  layens,  the  reins  beii^ 
dornal  or  Hiipfrticial  U>  the  siiariei* ;  and  tho  sinus  tcmiinalis  i^ 
a  v«?in,  which  coiliicta  tht- blood  from  tin-  mai^inal  part  nf  tlw^ 
vasouiar  area  and  retunin  it,  hy  branches  which  form  main 
tactora  of  the  vitwilirie  veins,  to  the  heart  (ff.  Vig.  D9). 

In  thu  rnbbit,on  tliu  othpr  hand,  all  the  vesM^Uof  the  vascalar 
ania  Uo  in  one  plane.  The  vitelline  arteries  run  straight  bock- 
wards  from  the  eiiibrvo,  and  opi-n  at  once  into  the  sinus  t)"rmina!U. 
which  is  theivfore  an  artery,  and  not.  as  in  tho  chick,  a  vein.  Fronj 
iJie  vitelline  artcrii-e  thiimsolvos,  and  from  tiie  siuus  tonniiuili^, 
smaller  artHrios  nriss,  which  branch  freely  and  wid  in  raipillaries; 
the  capillarieg  unite  to  form  vlmiis  whioli  open  finally  intfl  the 
vitelline  veiiiM  theins«-lvef*,  n  pair  of  largi-  voKseU  which  run  in 
the  vascular  aroa,  conoentrically  with  tlie  sinns  terminalis.  but 
about  midway  between  this  and  the  embryo.  Opposit<t  the 
anterior  or  hwid  cod  of  the  embryo,  the  \'iteIliDe  Tenia  tnra 
sharply  bacbwardB,  and,  eutt-riug  the  ombrj-o  along  tho  yolk- 
stfllk,  mil  forwards  to  the  heart, 

Thuru  aro  at  Rrst  two  vitelline  arteries,  and  two  vitt'lline 
vi'iiis.  Of  the  two  arteries,  the  left  one  soon  becocnea  much  the 
larger,  the  right  one  appearing  as  a  mere  branch  of  it     Both 
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ritt^Uine  veins  may  peraUt,  but  moru  usually  lli<>  ri^til.  one  b<>cotnos 
much  nr-duoed  in  ske,  or  elf«  atrophies  conipletel;. 

Id  the  rnbbit,  the  Titellinv  circulntiun  isof  miicli  Irsd  impor- 
tance tlinn  in  tin*  chiok,  innsmoch  m  the  nutrition  or  rho  rabbit 
embijo  is  oficctM),  not  by  the  yolk-iuu:,  but  by  the  plnci-nto. 

DEVEI/>PMF.S*T   OF  THE  F.XCRETORV   SVSTF.M. 

The  gen4>riil  history  ot'  the  dereloptnnat  of  thi*  excretory 
organs  and  their  ducts  in  Che  rabbit  ia  mach  like  that  of  t]i« 
chick. 

Xo  truce  of  n  head  kidney,  or  pronephroe,  lin«  yet  bran  dt^ 
Bcribed,  nni]  it  muy  bf  usntned  that  thia  Ktriirturc  is  eitlicr 
altogether  itlMi^nr,  or  eW  vfry  NmitH  mid  nKliiiu-nt.-kr^*.  A  Mg* 
mental,  or  VVnlfHan  duct  ia  early  formed  alonf*  each  iiiJe  of  tJjo 
body ;  mid  hi  couiiection  witli  i>:ich  duct,  n  ^Volflinn  body  i" 
dovvlopcd,  which  is  largt^  in  the  cmbrj'o,  but  wbtcb  become* 
replaced  fuitotion&lly  by  (be  inetjuiftphrOR  or  peimanent  kidney 
in  the  Inter  sta^g  mid  in  the  adult  anininl.  The  Mflllenan 
dact  duveIoi>s  rather  later  than  the  Wolltiau  dact  and  WolfBan 
body ;  it  lies  very  doM  to  thi-  WolHian  duet,  but  ia  itpparetitly 
indeiwndeiit  of  this. 

1.  The  Wolffian  Duct. 

Tho  iiiotk'  uf  dt'velopmenr  of  the  WollBan  diut  in  thi'  rnlibit 
hu  heen  much  debnteil ;  the  point  in  dispute  bring  nhetliei*  it 
ia  fSonucd  Ax>ni  mctfoblaet,  or  directly  from  the  externa)  epiblaet. 

ActNitding  to  the  ob*Tviitionp'  of  Flenson,  9iip|Mirt<-d  by 
Flemniiiig,  the  ^Vnlflian  duct  nriAes,  early  in  the  nintli  day,  as  a 
solid  ridfpt^lilEe  thicke-niog  of  the  cpiblast  (Fiff.  ICl,  KC).  at  the 
|6V«1  of  the  foTii-tb  and  (iAJi  loesoblastic  ^luitea,  and  close  bo  their 
ontvr  borders,  it  soon  a(>pflniteH fmtu  the  epibln^t, and  tlien  lies 
•»  a  solid  rod  of  oellB  between  the  epiblaet  and  ineaoblnnt: ;  this 
rod  grown  mpidly  bitckwnnls,  lieconif^  tubular  b\-  the  formntinn 
of  an  axial  cavity  or  lumen,  and  on  Ibe  eleventh  Hay  rmcfaeft 
iJie  hinder  end  of  the  body,  mid  opena  into  the  dorsal  surface  of 
the  aJlantois.  juiit  in  front  of  the  Diiion  of  the  rectum  and  the 
ollantois  to  form  tlie  cloaca  (ff.  t'ip.  i;>0.  kc,  tc). 

There  ia  nu  doubt  that  the  Wolffian  duct,  in  the  early  utagM 
of  its  derelopmeut,  lies  ven*  close  indeed  to  tbc  eptbliKt,  espe- 
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ciailf  Bt  its  hinder  end ;  bat  the  more  recent  and  very  ouWiil 
obKiT&tions  of  Ihtariia  show  coQclusi\-clT  that  it  is  uerdf  a 
CAM  of  very  cl'i«>e  apposition,  and  that  the  dnct  is  ro&ll^  of 
tn«eoblaetic  origin  along  it^  ontin?  length  :  its  mode  af  rormatioii 
being  practically  the  same  as  that  alrciidy  dracnbcd  in  the  CUB 
of  the  chick,  p.  ^\q. 

2.  The  Wolffian  Body. 

He  Wolilian  body  commetkces  to  fonn,  in  the  latter  part  i 
the  ninth  or  early  paK  of  thet«uth  day,  as  asfriesof  solidstringt^ 
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rie.  164.— A  tnuiavenc  seotioD  acron  llis  ImmIjt  of  a  Kabliii  RmlnTo  tA 
cailr  part  of  thi'  lenlh  day.  •liowing  the  Riippc(Kdci|fibUaiic  origin 
ibB  WollTlatiflnict.    (After  IIciimei.)     s7S. 

K.  Airmi  •■rtto.  AN.  -'""I'll.  CipnJMM.  «  had)>  et-rHy.  OH.  ttrtnthcrA.  B. 
bneUMi.  EO.  WuimMi  'liii'i.  KB,  auuuiuiilnule  bsw  ol  iiiinMii^  HH. 
■phAalimiilaorlF  Ujrer  ut  lumblui.  HB,  UieKMutlo  (ooiUcar  [««tOT«rt*bn.  S8, 
(Milnl  Miikl  uf  ipliat  (vr>t, 

of  cells,  which  lie  to  the  inner  side  of  the  Wolffian  duct 
almoat  it«  entire  length. 

TbeaB  strings  of  c(-ll!t  are  Ktjit&d  to  arisB  as  ingrowths  from" 
the  perltooeal  epltheliittn  ;  l>ut  tbe  point  is  not  de&nitelv  eeta* 
blished,  and  from  n  vrry  early  ittnge  the  strings  lie  eDihcHtdwl  in 
the  mB!4uI)lnftt.,  and  quite  independent  nf  tlia  peritoncnm.  The 
Htrings  soon  liecoiiie  tubular,  and  aif  then  eptiktrn  of  an  the 
Wolllian  tiiUites.  K«cli  tubule  opi'iis  nt  oii»  end  into  the  Wolffiaa 
duct ;  whilr^  its  (ippoaitp,  or  blind  end,  becomes  expanded  into  a 
Fesicle,  and  then  doubled  up  on  il^elfto  foim  a  Miilpighian  bodr, 
into  which  a  branch  of  the  wurln  cpiickly  pen^rat«>«  to  fonn  the 
glomendu»  (Fig.  lU-j.  om).     The  Wolffinn  tnbnlw  ar©  not  eeg- 
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mentally  arranged  ;  twn  or  three  corresponding  to  ouch  wunitd 
in  tlie  rrglon  of  thi-  body  in  which  tli^y  occur. 

Th?  n-1atiou8  of  the  WolfHan  body  to  llie  blood-reeBeJs  are 
well  »e<-n  in  Fig.  IGb.  'llm;  dorb&l  norta,  a,  tim  between  tiie 
two  WoIfiiBn  bodies,  and  gives  off  brAnchi*i«  which  supply  the 
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Fio.  im.— A  Uuaveae  mMIob  ukm  Uk  bxly  at  ft  Itnlibli  Bmbrro  k1  iIm 
end  o(  tbo  oloTcsth  (kif .     x  t£. 
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>|Crila««nlH  ••nwi'ui-i*"  twly.    0: 
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latuiiul  WdlMin  loil>.  lUL  wniiMiran^  MB.  mMMMoj.  MPt  a»rt  mn  a) 
■ttml  ii»i«.  VK  ajuMl  onflloB.  bV.  muni  >UtMH>  (i(  <ylMl  Mm.  HV. 
Ant  iWrWrn  w  itliAl  MTva.  MB,  aiitMt  im^I'  W.  niMnl  n«t  i4  •ftnl  wrrft 
NT,  ifBiailbfUrtBiiitniia,    TI.  liileAlii'.    V.  •TiA-    VO.  inaUitor  otMiiwl  Tite. 

glCHtterulj ;  wliile  the  potterior  cardiual  \c\a»,  vc,  lie  along  tlieir 
dorsul  aurfacen,  and  giv«  off  Dunioroos  bmochcs,  which  lie  io 
vvry  cUiw  rclntioo  with  ihc  tuhiile«,  and  frixn  which  tho  epi* 
thelial  oelU  ufthi'  tiibulfs  withdniw  the  excretory  prodacts. 

'llie  Wolfiian  body  incTpae«»<  rapidly  in  siia,  and  won  beooima 
more  compact  and  ofinonr  dfliiiitp  shape,   Itspoatlioii  and  r«]a* 
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tions  en  tlie  twelfUi  dny  are  well  seea  in  Fig.  150,  where  die 
transversely  running  Wolffian  t.ubiilc«.  KM,  opening  into  tkft 
longilutlinal  Wolffinii  flnct,  KC,  giw  the  whole  orgmi  a  kiiii»< 
what  comb-like  npi)L'iiniuco. 

By  the  fourteenth  dav.  the  WolBian  body  (Fig.  I GG,  km)  hm 
increased  still  fitrlhor  in  six^e,  especially  at  ite  hinder  end ;  and 
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PlO-  ICB. — A  trnii'-upric  soclioii  npros»  the  liindnr  port  of  the  Vhm-Iv  of  p  RaIiImL 
Krobiyu  of  llic  (outtcunib  day.  the  xccLitin  pasiiEig  tbrongli  Uic  hind 
Uaxho.     K 12. 

A.  ilnrul  ruiiln.     JLA.  "Htuiliilg  trlgy.    CH.  nnlnclinnl.    FC.  nrMtUDi  or  ft 
EC  IVnItnnii  ilui't.    KD.  ii>i't«T,  ill  ipv(«iipnliric  dwi.    KH.  ^'olObia  tuli.    E 

ltuj]]^v  nr  iitrtn]M>i'T>K^*«     I*P-  'il"<l  lli"lj.     1V£k<I<t^^  r^'tf  *'t  »|'1liiil  i.in*,     19B.i*P*' 
BUllMriiiu.     NM,  v.'ulria 'iiviilulr  i.(  ■iillml  UifVI     US.  •innal  iviHl.     HV. 'ruinl  !• 
lit  tpiiinl  iifTTV^v    NV.  IvriKltmllnul  »yiiJiHtbnic  ojnl.    fTA.  "ImVI  <4  A&ftnUil^    TO< 
irloii«]  ii|>Tniirir  oil  oIiiuhI  ivplllH.    71.  InloriiiiA    TO.  ■•■^-frtOT  akaIIiwI  irrin. 

it  rctDHins  of  large  sixe  until  wiiUin  ri  )thort<  timo  of  Inrtli.  It 
i.i  iht!  e.\cr(?tory  organ  (jf  llm  «?rnl)ry<t,  and  its  great  siae  and 
nbundunt  vascniar  RUpply  indicate  that  it  is  of  cnQsidenble 
functional  iniportance. 

S.  Ike  Kidney  and  Uret«r. 

The  adult  kidney,  or  metanephros,  <^(^velop8  in  the  rabbit 
ta  much  thf>  same  mannt^r  as  in  ihs  chick. 
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Oil  tl)t>  el«veutli  day  a.  diverticaluiii  artsee  I'pom  each  Wolf- 
fian duct,  JBst  before  tltis  rencbt-s  the  clooca,  and  grows  forwards 
iIoi-mI  to  tlic  Wolflian  duct.  Diiriiig  ibe  twelOh  ikv  thi» 
dii*i>rticiiliiin(Tig.  I  r>0,  Ki>)  incr«as4>8  in  length;  iu  blind  anterior 
vxlromity  dilaU-s,  and  gives  rise  to  branching  tubular  proccas*^ ; 
while  till-  ii)ew>b1a8t  eurrounding  tliv  proceMes  bocontea  more 
oompnf  I  than  rlaowhprr .  givintr  dcJiiiiti'  8ha]>e  to  the  organ. 

The  stnictuiv  ftirmed  in  this  way  becomes  tliv  kidney,  the 
original  diverticulum  from  the  Wolltiaii  dact  forming  (he  ureter, 
'lint  kidney  extvnibt  forwards,  don<iil  lo  i\i«  WoIfHan  body,  and 
overlapping  this,  so  that  both  the  Wolthuu  body  and  the  kidney 
lony  be  cut  iii  Iho  ssaiiie  iruaiiverae  section  (t'ig.  104;,  km  and  kt). 

In  tht«  later  stngos^tho  latrml  brnncties  from  tlip  uretor  Rub~ 
dividi%  and  elongate  conaidcrubly  t^i  funn  the  kidiii-y  tnbules. 
'Iliere  are  for  some  time  no  Malpigliinii  bodies  in  the  kidney, 
btit  the«e  nr«  ultii»ftt4>ly  formed  in  connection  witJi  the  blind 
ends  of  tlie  tubules,  in  llie  same  manner  as  in  the  Wolffian 
body. 

'Hie  kidneyf  are,  from  Ihe  first,  cumpact  budiea;  they  early 
■cq\iire  thoir  characleriRtic  tiliape  (Kig.  liH),  k).  and  also  tlinr 
n^yniinr'try  in  ]>osili<)n,  the  right  kidney  nitn'ing  some  diBtaoce 
fiirtlit-r  forwariU  thnu  the  left, 

The  WtiUKnii  duct  and  tl;e  ureter  uf  ciich  kide  open,  on  the 
twfltlh  day  (t'ig.  loU,  KC.  Ki>),  by  n  common  duct  into  tJie 
uriuo-gcniCal  eiuun.  In  the  later  iftngea,  bj*  unequal  grvnlh  iu 
ditforL-iit  din-c'liuiiH,  itml  by  alw>r|>lion  of  the  cotnmun  duct  into 
1  ht>  iiriniKgi-nital  ^iuu),,  the  relittioiH  become  nitenil ;  the  Wolffian 
ducts  !<rill  opcDiiig  into  the  nrino'genital  sinus,  but  the  ttretera 
now  o)«ning  dinwtly  into  the  bladder. 

•i.  The  KUllerian  Dact 

Tile  mode  of  the  development  of  the  Mullcrian  dud  in  tJie 
rabbit  Iiah  uot.  bevti  verv  cleitrlv  aM^i-rtjiined.  Abtnit  the  Iwi-lAh 
or  tiiirtecDth  day  it  is  prewr-nt  as  n  peritoneal  fiinoel,  lying  to 
the  inner  «de  uf  the  Woltlinn  Ixxly,  cliwe  lo  its  anterior  end  ; 
from  the  funnel  n  duct  arint-a  whieli  erodes  over,  duntal  to  the 
Wulftiau  body,  and  then  run*  hackwnnix  a  ^hort  di>!tttnce,  lying 
very  clow  lu  the  outer  Hide  of  the  Wolliiaii  duct,  and  ending 
blindly  behind.      During  the  suooeciling  days  tlie  Molleriui 
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dact  ffTow*  slowly  buckwarrlR,  bat  doc*  uot  rcndi  the  level  of 
the  nri iin-genital  sinus  until  .-itmut  tlie  twentieth  dny, 

5.  Tlie  <3enital  Dacts  and  Accessory  Genital  Orguii. 

In  the  mala,  or  buck  rabbit,  outgiKinlhs  troiii  the  tabules  of 
tho  Wolffian  lioily  penetrate  into  tiiw  testis  at  a  vltv  early  stage 
of  developnu'Dt,  fonning  tlie  tiibiilift'roiis  tissue  already  ile»ci-il>e<l, 
and  giving  rifio  ullimot^ly  to  the  vasa  effcrontia.  The  Woltfi&ii 
I»ody  hocomra  greatly  reduced  in  sine,  and  is  convi^rted  into  the 
Iti^nd  of  the  upididyiuid  i  the  proxiiiial  |iai-l  of  tlif  WolfBnn  duct, 
wht*-]!  in  gi-eatly  cDUVolutecl,  gives  riae  to  ihe  body  nnd  t»t)  of 
the  epidiilyinig  (Fig,  IdO,  v\) ;  and  the  distal  part  of  tho  duct 
forma  th«  vas  dtToicns,  x. 

1'\w  twBtt-s  originally  lie  opp^nite  the  anterior  ondit  of  the 
"Wolffian  bodica,  aud  attached  to  the  dorsal  wall  of  the  abdomen  ; 
ultimately  tliey  shift  their  pnsitioii  from  the  doruil  to  the  ventral 
wall  of  tlir  nbtlumuii,  uiul,  ptMsing  tlin>iigh  the  in^iiial  rings, 
become  lodged  in  n  pair  of  pouch-like  folds  of  tlio  ekia,  the 
scrotal  sacs  (Fig.  ICO), 

Tho  MiiUf  riau  ducts,  in  the  male  rabbit,  dieappeai-  completely, 
The  uterus  tnosculiaus  (Pig.  1 60,  s)  has  been  stated  to  be  forme*! 
from  their  hinder  or  distal  ends,  but  accoiding  to  RulUker  it 
is  deHved  from  the  Wolffian,  and  not  from  the  Mflllerion  dticts  ; 
thesi?  hitter  in  the  male  never  opening  into,  or  even  rencUiDg',  thtf 
urino-geiiital  passage. 

In  tlie  female,  or  doe  rabbit,  tho  Hullcnan  ducts  becxnne 
greatly  eidarged,  and  form  the  oviducts.  Their  ididominal 
openiiigB  persist  an  thf  open  linihrintvd  mouths  of  the  Fallopian 
tubes  ;  the  proximal  portions  of  the  ductiS  liecoiiie  the  lallopiiUi 
tnbes  themiwlves ;  tbo  middle  ]X)rtion»  become  the  uteri;  and 
the  terminal,  or  distrd  segments  unitj>  tofbnij  the  \-ngiiiA. 

Thp  Wolffian  budieti,  in  the  faniale,  undergo  degenerative 
chnnf^H  ;  tliey  become  greatly  reduced  in  size,  and  are  ultimatol}' 
converted  iuto  tho  parovaria.  The  Wolffian  ducts  either 
disappear  completely,  or  else  Ennall  poitioni<  of  them  persist  aa 
rudimentary  or  vestigial  structures. 


TITE  CtELOM. 
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DEVELOPMENT  OF  THE  CCELOM. 

The  neloQi,  or  body.cavitv,  of  the  rabbit  appears,  as  in  roost 
VtTti-brutL-s,  Bs  a  cU*ft  in  tli«  mesollnst,  formal  by  a|jlittiiig,  or 
rallipr  by  re4Lrmag«>meiit,  of  its  cells  into  two  lajrera,  somatic  and 
splanchnic. 

The  crplom  apppars  firpt  nn  the  Pighth  day.  and  hy  the  ninlh 
dnv  (Fig.  I  I<1,  c)  hds  Womie  a  i^ivily  of  coiiuidcralilti  »izi-.  It 
IB  not  confined  to  the  embiro,  but  stwtchea  out  beyond  tbi«, 
and  in  all  liii-eciions,  reaching  alnioHt  to  the  ninrpn  of  the 
mcsobla&t,  indii-ated  by  the  eiiiao  tertainalie,  si. 

Trnmoiliately  in  fi-ont  of  the  einhrjo,  in  tJie  j)n.>-utii iiiou 
(Fig.  llo,  A>''),  tlirre  is  at  first  no  mesoblast,  anil  c<in»i?fjtieiitly 
no  cui-Iom  ;  but  lit  the  later  Btage-?,  as  the  uieeoblost  invades  the 
proamnion  from  its  sides,  th«  cwtoinic  cavity  extends  into  this 
region  also. 

Witliin  the  eiuliryo  itSL-lf.  the  caiom  is  coiiBmd  to  tlia  boily 
region,  and  dtM?a  not  extend  foi-wards  into  the  head.  Tlie 
abdoininn!  portion  of  tlii?  o(olom  prosi-nt*  no  fnrthrr  changes  of 
special  inltTPst,  Imt  in  the  Ihnrax  the  development  of  tiie 
pcricardiul  and  pluiirul  covitie^,  uad  also  the  fonuatioii  vf  the 
diaphragro,  re<^uire  notice. 

1 .  The  Pericardial  Cavity. 

Early  on  the  ninth  day,  the  heart  consista  of  two  tubes, 
lying  along  llif  »iilc»  of  the  ht-nd,  and  widely  si-paratc  from  each 
utiier  iFijf.  I  to.  R).  The  paits  of  the  cnelom  into  which  thetin 
tubes  project  Ikx'Ouio  later  on  the  pericardial  cavity,  so  that  this 
cavity,  like  the  heart  itself,  conaista  at  first  of  two  nepumte 
hnlvL'*i,  i-ight  and  lefl  respectively. 

An  the  stdcv-roldii  deepen,  the  two  halvett  of  the  heart  are 
ought  together  Ix'iienth  the  pharynx  ;  and,  early  on  llie  tenth 
fcy,  the  riglit  .iikI  h?ft  halves  of  the  pi'ticardial  cavity  intt-t 
bene«Ili  the  thrrjat.  and  become  continiions  with  eacli  other. 

The  pericHi'dinl  ravity  (X''^-  I  17)  is  thns  merely  the  anterior 
IMirt  of  1  he  giMierat  IjiMly-eavity  or  cuiiom,  and  there  is  at  Gret  no 
boundary  between  tho  two,  ercept  the  very  imperfi-ct  partitions 
formed  by  the  rij/ht  and  left  vitelline  veins,  where  they  diverga 
betiind  the  lnarr. 

Towards  the  close  of  the  tentli  d«y,  nnA  during  the  early 
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doct  grows  slowly  backwards,  but  does  not  reach  the  level  of 
tbe-  ur'uiii-p^iiitjil  ainiiR  until  nbont  tho  twentieth  day. 

5.  The  Oeiiital  Ducts  and  Aoc«ftiory  Ocnital  Orguis. 

In  the  male,  or  linok  rabbit,  oiitffrowtbs  from  the  tuboJa  of 
the  Wolffiau  ImJy  ppni>trat«>  into  tin?  testis  At  a  very  early  si^^ 
of  development,  forming  the  tubulifeioiis  tissuo  alrvady  detscribad. 
and  giviug  riao  ulrimatvly  to  tbo  vtifn  eOV-ix^ntia.  Tlie  WolfGaa 
lioily  bceiimefl  greatly  reduced  in  size,  find  i*  convcrl^-J  into  tJie 
liead  of  the  opidiiljinis  ;  the  proxiuiiil  part,  of  the  Wolflifto  dort. 
which  is  gTRntly  convoluted,  gives  rise  to  the  body  und  tail  of 
the  opKlidyinis  (Fig.  100,  w)  ;  und  the  distal  part  of  thv  dart 
forms  the  vas  deferens.  \. 

•  The  testes  originally  lie  opposite  the  anterior  ends  of  tiw? 
WoUBan  bodies,  and  nttachtHl  to  the  dorsal  wall  of  Ibu  abdomen ; 
uUiniHtcly  tlit^y  shift  tiieii'  ]io»iti<in  frt.in  tht^  dorsal  to  the  ventml 
wall  of  fbt'  abdomen,  and,  passing  thnnigh  the  ingnlual  tinga. 
becotni;  lodged  iu  u  pair  of  pouch-like  folds  of  the  skiu,  tfa>> 
scrotal  sars  (t'ig.  IfJO). 

The  Millioriftii  dncttt,  in  tlio  male  rabbit,  di^ppear  completely. 
The  uterus  mnsrnlinus  (Fig.  IfiO,  s)  has  been  8tflt«Ito  be  formed 
from  lln'ir  hinder  ur  diatal  ends,  hut  nct'Oi-ding  to  Ki'illiker  it 
is  dwivod  frtnn  the  Wollliaii,  imd  not  from  th«  Mflllerian  dticte  ; 
these  latter  in  the  tnale  never  opening  into,  or  even  rE>achiTig.  the 
nrino-gciiitol  passage. 

In  the  female,  or  doe  rabbit,  the  3iffill(>riaD  ducts  beconw 
greatly  enlarged,  nnd  form  tlie  oviduct*.  Tiieir  abdi>minal 
oponiugs  pereist  as  the  open  Hmbriatcd  mouths  of  the  Fullnpiau 
tubes  ;  the  proximal  ])ortiont*  of  tliB  duds  Ijeoonie  the  Fallopian 
tabes  themselves ;  thf?  middle  portions  becoint*  the  ntori;  and 
the  termhial,  or  distal  iiegineula  unite  to  fonn  thu  vngtnn. 

The  WoIfBan  bodies,  in  the  fouiale,  undergo  dt-genurative 
changpa  :  thoy  beootne  greatly  reduced  in  rite,  nnd  are  ultiTnatolv 
converted  into  Hie  parovaria.  Thi-  Wolffian  ducts  either 
disappear  completely,  or  else  small  ]>ortioiut  of  them  persist  as 
rudimentary  or  vestigial  stmctares. 


THE  C4XLOM. 
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DEVEI/>PMENT  OF  THE  C(KI/»M. 

The  ccelom,  or  bodj •cavity,  of  tlie  rabbit  appean,  as  id  most 
Vfrtebrates,  aa  a  cleft  in  Uie  niesoblaet,  former!  bv  splitting,  or 
rnihfr  b\'  witirraugi-racnt,  of  its  cells  into  two  Iiivei^,  isoimitio  nnd 
Bplnnchnic. 

Tlic  cfi'loin  Ap)H-flnt  first  on  tin*  <>ig1il)i  day,  atxl  by  tbe  nintlj 

day  (Figr.  1  HI.  c)  lias  bwioinp  &  cavity  of  considerable  size.     It 

18  not  confined  to  the  embryo,  but  stretches  oat  beyoDtl  this. 

jifind  in  «ll   ilin-clioin',  ix-iwliing  nlinovt  to  tin'   mnrgin  of  th* 

rlMeooblaat.  indicntt^l  Uy  I  he  ninua  tei-aunalis,  SI. 

Immt^dintvly  in  front  of  the  embryo,  in  tlie  pTO-amuion 
(Fiff.  I  i'i,  ak'),  there  \»  at  lirat  no  niei^nblast,  atid  conseqoeiitly 
no  ra-Ioni ;  but  in  tin-  Ink-r  sla^-v.  im  t h(>  inetiobIit8l  invnd«a  th«' 
prrdimnion  from  its  Hideii,  the  crolomic  cnvity  extends  into  tliin 
TO^Ti  also. 

Within  the  embryo  itaclf.  the  cojlom  ia  confim-d  to  the  body 
rf^ion,  and  does  not  extend  forwnrdi^  into  tlM^  head.  'J'he 
abdominal  ptirtion  of  thw  cteloni  prencnlit  no  furl  her  cliaiigi**  of 
apm-inl  intvrcM,  but  in  the  tborux  tW'  development  of  the 
pericnrdial  and  plenral  cavities,  am)  also  the  formalioti  of  the 
dinpliragm,  requirt'  notice. 

I .  The  Pericardial  Cavity. 

£!Brly  on  Ibo  ninth  diiy,  iho  ht-nrt  consists  of  two  tubes, 
lying  aloQf^  Ibt^  sid««  uf  the  head,  and  widely  sepai-ale  from  each 
other  (Fig,  Mo,  r).  The  parte  of  the  ccelom  into  which  tliese 
IdIios  project  become  later  on  the  pericardial  cavity,  so  that  this 
^cavity,  liko  tho  heart  its<>lf,  consistfl  at  first  of  tiro  s-^paraie 
halves,  right  and  left  respectively. 

As  the  sidtvfblds  deepen,  the  two  lialve.4  of  the  hetirl  an* 
brought  to^i<'thor  Ix'tieath  the  phnryiix  ;  and.  early  on  the  tenth 
day,  thi*  right  and  letV  halveit  of  the  pericanlinl  cavity  tm-et 
loath  tliu  throat,  and  becouK-  continuoua  with  each  other. 

The  pericaixlial  canty  (l'"i|f.  1  t7)lB  (bus  merely  tin-  anterinr 
part  of  the  general  body-cavity  or  cQcloin.nud  there  is  iit  tiift  no 
boundary  between  the  two,  except  the  rrry  tmprrTect  partitions 
formed  by  the  nglit  aiKl  left  vitelline  reinii,  where  tli<>y  diverge 
[behind  the  hi«rt. 

TowanlH  tl:e  close  of  llie  tenth  day,  and  duiing  tlu?  early 
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part  of  tiie  elerenth  day,  the  pericaiilial  cavity  beoomeii  «hDt  ufT 
from  the  body  cavity  ty  a  couple  of  septa.  One  of  theae,  wlucfa 
ia  ventral  in  ]>oiiition,  is  formed  by  a  tJiick  tmiii(%'cr»e  fold  of  tlie 
8[>lit.nchiiop)euric  ine^oblast,  immediately  behind  the  hrart,  and 
bctwccu  this  and  the  liver.  The  second,  or  dorsal  eeptom  is 
much  tliimier,  nnd  grov/a  fomnrdii  fi-niii  ihf  witlU  oF  the 
Cnvierinn  veins  to  the  anterior  eud  uf  the  body  cavity.  Tbeee 
two  tvpta,  bet  wuoQ  them,  shut  off  the  ventrnl  aud  anterior  portioa 
of  the  cixlom  as  :t  pericajdial  cavity,  distinct  front  the  gi?at 
body  oflrity  (Figi*.  loU  and  ItiS,  CP). 

2.  The  Pleural  CavitieB. 

AftrT  till-  Ix.xiiig-iti  i.f  tli<i  ii«-ricnrdtal  cavity,  by  tbc  dorsal 
and  vaiitral  septa,  is  coraplfted,  the  p-ncral  body  cavity 
extends  forwards  aa  a  pair  of  pocket-hke  diverticula,  donal  to 
thv  poricardiul  cavity,  and  along  the  Ridt-ii  of  thv:  ccsopfaagiui. 
Into  tlipjip  pocket-liko  cftvitifti  the  liinga  hang  lively,  and  thi- 
puckcl.s  tlK'juBL'lves  hecomr  the  |iVurul  cuvitios. 

Ah  the  lungH  eiilnrge,  tho  pleural  eavitips,  which  nt  first 
entirely  dorsal  to  the  pericardial  cn\-ity,  jrradually  extend  down- 
wards so  as  to  embrace  its  side-3  (Vig.  IQil,  ck),  and  ultimatvl] 
ronching  almost  (o  tht^  mid- ventral  wall  of  the  chvKt. 

3.  The  Diaphra^. 

Till.-  t^Uapltrovui  is  tbrmctl  frotn  n  couple  of  ecpta^  dorsal . 
ventral  re^pectivi-ly,  wiiich  arlm;  iiidependt;ntly,  nrad  are  for  some 
timu  <|uito.  dintinct  from  eatfh  ollit-r. 

Of  thpee,  the  ventrftl  septum  is  the  thick  tranevt-rsc  par-' 
titiun  alraady  di:-»cribLMla!i:furiijing  the  ventral  part  of  tJie  hinder 
wall  nf  tho  jw^ricardinl  Cf»vitj*. 

Thf  du'^al  sL-ptuui  of  thir  diuphritgiii  aviscM,  on  the  tliirttwnth 
day,  as  a  tmnsverse  fold  of  iiieHi>l>la.-iI,  which  jfTOWti  dun-iin-arxl.-> 
from  the  doi-sn.1  wall  of  the  body  cavity,  just  behind  tito  Cu- 
vierian  veins,  it  has  for  a  time  a  froe  ventral  edge,  crosct^ntic  in 
shape;  btit  it  ultimately  lueete,  zuid  fii»^a  with,  the  ventral  eopt  urn, 
or  posterior  wall  of  the  pericaTdial  cavity,  tliereby  ooinpIetinK 
the  diaphragm,  mid  whulting  off  thf  pleural  cavities  from  com- 
muuicuLiou  with  tho  h^jdy  cavity. 


TUK  €OUX)U  AND  THE  8KF.I.KT0X. 
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DEVELOPMEXT  OF  THE  MUSCULAR  SYSTEM. 

The  majovity  of  the  body  muscles  are  develnped,  n»  id  U>i> 
chick,  from  tJte  muscle  pintcs  of  tbo  protofertebra*,  or  meso- 
blnstic  wmites. 

llic  gTLitt  dun^l  iiiimcies  of  the  ni-ck  Diid  tnink,  oiid  the 
musoU'ft  of  the  rliorriciciuid  nbdoiulnal  walU,  nivdcrt^xil  dirvctly 
from  th«  muBclft  pIi»ti-«,  but  tlit*  origin  of  many  of  the  ol her 
mnBcle*  in  not  d«t«rminf  J  with  n-rt«in(y.  Tlie  muscles  of  the 
bond  arue  indciK-ndvutly  of  itie  uiuscW  ]>l&t««;  and  \hv  muEcles 
of  the  limbs  »!*>  arise  iiid^pciidontly,  and  in  eiiu.  \t  ]*  prxv 
babli>,  however,  that  in  l»oth  tticM-ciuies  the  mode  of  dvToIopnient 
liiks  nndiT^funo  wooiidan'  modificatkMis  and  nbbrevintions. 

DEVELOPMENT  OF  THE  SKELETON. 

There  nre  in  tlie  rabbit,  u  in  the  chick  or  fn^,  three  stages 
in  tile  development  of  the  Hkeleton.  The  first,  or  Hirltest,  altaeo 
is  fhat  in  wliivh  the  iii>t<ichonl  is  the  only  specially  skeletal 
Htnicture  pre^iit ;  the  seooud  atu|rc  ist  thai  in  which  a  carti- 
lai^iriou^  skeleton  is  devol(>pe<1,  not  only  in  rclatiuu  with  the 
iiotm-linrd,  but  iit  ilio  bond  and  limbs  tia  well ;  vrliile  tht*  third 
or  liiinl  singe  id  cbunicleriiH-d  by  lite  developtni-nt  of  bone, 
which  graduuUy  becomes  Uie  <luminant  and  rRN>iitial  comttituent 
of  lW  skeleton.  lloneB  nrise  either  as  cart  ilagt>- bones,  in  direct 
eoDHMtton  with  tlio  cnrtiUffinotisakelotoo;  or  elaeiudepondeDtlr 
of  thin,  m  meinbmm--bDni'6. 

tl  i«  intportont  to  rvnn-mbcr  tbnt  e»cb  of  tbew  atafrea  ifl  uoc 
a  furtlier  develojmieiit  of  the  precedJiiff  flla^jp;,  but  an  iiidR]x>n> 
dentir  nriftin^  one,  wiiicli  disptacefl  iu  predecessor.  Thus  ifae 
cartihtiriQOD8  skeleton  d>xi)  not  arise  from  the  notochonl,  bat 
iinti'idv  thin  and  independently  of  it,  and  gradtiidly  displaces 
and  nlilil(>rates  it;  tti  bt'  displaced  in  ila  inrn  hy  the  bony 
^ftikeleton.  So  too  tlie  lowvr  jaw  is  not  fortnml  fruui  Meckel's 
^^^cortilage.  but  around  it ;  ami  th<>  foniintion  of  tbe  Ixme  Inula 
I  oltiniat4>ly  to  the  obUtt^rution  of  its  L-nnilng'inoi»  prvdcceiiaor. 
I  The  dfivelopna'nt  of  the  skeleton  of  tbe  ralilHt  ha.i  not  yet 

■        been  studied  in  detail,  and  tbere  are  many  points  on  which  our 
^^  knowledge  is  still  voty  incomplete. 
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duct  (fTowa  xlowly  bockwnrtls,  biit  clof  *  not  reacli  the  level  of 
the  urlno-piaifcal  sinus  until  ubuul  tlic  tweiitii.'th  day. 

0.  The  Genital  Dncte  and  Aocessoiy  Gooital  Oi^an*. 

In  the  xoMla,  ur  buck  rabbit,  outg-ixjwtlis  from  xhv  tuhDles 
tlie  Wolfliiiii  !xnly  penetrate  into  tlie  tiislis  at  a  very  enrly 
of  development,  fanning  the  tnbulifcrous  tissue  ulivady  described,'' 
and  giving  rise  ultimutcty  lo  the  va«tt  i^ffrrcntia.  Tlie  WolBiaa 
body  bwuiiK-s  grtt«t.ly  wdnced  iu  aiae,  and  in  convorlod  into  the 
tend  of  the  epididymis ;  t  ho  proxininl  pnrt  of  the  liVolfEan  dact. 
which  is  grewlly  convoluted,  gfives  ns*  to  tlie  body  and  tail  of 
the  epididymis  (Fig.  100,  w)  ;  and  the  di&fcal  part  of  the  duct 
foritiH  the  vas  di^-fereiis,  x. 

The  testes  origiunlly  lie  opposite  the  anterior  ends  of  Uip 
WolfBau  bodies,  and  attached  U)  the  dfirsal  wall  of  the  abdomen  ; 
ultimately  fhi-y  shift  their  iKwitiun  from  the  dorsal  to  the  venti-al 
wnll  of  the  abdomen,  and,  [insRinj^  thmuj^h  the  inguinal  rinpa, 
becomt?  lodged  in  n  pair  of  pouch-like  folds  of  the  skin,  tlie 
scrotal  sacs  (Fig.  lOfl). 

Tlie  MUllt-rian  dncts,  in  tlio  male  rabbit;,  dij^appeiarcomplotoly,; 
The  uterus  ninsciiiintis  (Fig.  I*»0,  s")  ha-i  been  stated  to  be  formed 
from  thi-ii'  binder  or  distui  ends,  but  uccoi-diug  to  Kdllikcr  it 
is  derived  fptiui  tW  Wo]niiiii,nrid  not  from  the  Mullerian  duds  ; 
these  latter  in  the  male  never  opening  into,  or  even  reaching,  tliei 
orino-irenitnl  pa.<iHige. 

In  the  female,  or  doe  rabbit,  the  Mulltriau  ducti 
groatly  enlarged,  and  form  tlie  oviducts.  Their  ahdciminaT 
openings  penixt  as  the  open  tiinbrintfd  months  of  the  Faliupiaii 
tubes  ;  the  proxininl  portioiw  of  the  dncts  liecomo  the  Pallopian 
tnhea  themselves  :  the  middle  portions  beconie  tJie  nteri;  and 
the  terminal,  or  di8t4il  weguu-uts  unite  to  form  the  vagina. 

The  Wolffian  bodies,  in  tlie  female,  undergo  d^tenerativp 
chsngex  :  tliey  l»iiouitie  greatly  reduced  in  cixe.and  arovdtimalclv 
conv«rt«>d  iiitti  the  parovaria.  The  Woltfian  ducts  either 
disappear  couiplett^ly.  or  else  small  portions  of  them  ittrsist  as 
rudimentary  or  voatigial  structures. 


THK  CCEUUI. 
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DEVKLOPilENT  OF  THE  CfELOSf. 

llie  ctcIoDi,  or  body-csTity,  9f  the  rabbit  appears,  as  iu  meet 
Vt-rt*'brMtr!<,  (is  n  cirft-  in  tUn  me.tobl&.-il:,  fornM^l  hy  splitting,  or 
raihf*r  by  marniQgftneut, of  itti  c^lU  iiilo  two  lajere,eomaticiiii(l 

BplftttchuiCi 

Tlie  cnrlom  appears  first  on  thp  eighth  day.  and  by  tlic  ninth 
dny  (Fi}».  lit:,  c)  Um  hccumi'  s  cnrity  of  considerable  size.  It 
is  Rotconfinod  to  tho  vinbTyo,  but  strctcbex  out  beyunc]  thin, 
nnd  in  nil  i}in-ctioti3,  reaching  almost  to  the  margin  of  the 
nu-sitblatit.  iiitlitnt^l  by  the  sinu^  t^nninftlis,  Si. 

Immedint^ly  in  frciDt  of  tlin  umbryo,  in  the  pro-Hninioa 
(Fig.  14-3,  as').  thor«  i»  at  first  no  mcaoUMt,  and  coos<.-<iufully 
no  ccrlom ;  hut  in  (he  later  stages,  aa  the  nteaoblast  invades  tbn 
prcwmnioii  from  its  sides,  the  ccoloinic  cavity  titends  into  (his 
region  also. 

Within  the  embryo  itself,  the  ocelom  is  conflntHl  to  llie  Ixxiy 
region,  tknd  does  not  extend  foiiv-ardji  into  ibo  heAii.  f'lie 
abdoiuinHl  portion  of  the  creloni  presi-nts  no  furlhcr  changes  of 
special  intL-r^t,  but  in  thu  tlwmx  rlic  diiTiili>|iinvnt  of  the 
pericnrtlial  and  plenral  cavities,  and  nls<>  the  forinalion  of  (lie 
diH]>lirBgiu,  riy|uirt<  notict*. 

I.  Th«  Pericardial  Cavitr. 

Eai'ly  on  tli«*  ninth  diiy.  the  heart  consifits  of  two  tubes, 
lying  along  the  Hides  of  thv  liend,  and  widely  separBlc  from  each 
otli«-  (l-'jg.  lib,  n).  Thu  purtM  of  thu  ccolom  into  which  tlirau 
lubcA  project  Ijeeome  later  on  fho  p^ricurdial  cavity,  eo  tliaL  this 
c\vHj,  like  the  hi-art  it«>lf.  oonai^tii  at  first  of  two  Hepnmre 
halves,  light  and  left  respectively. 

Ax  tin.'  «idi— foldt  dwpi-n.  the  two  lin]vp«  of  tin.-  heart  aiv 
brought  together  lieneath  the  phnrynx  ;  and,  <'arly  on  the  ti>nth 
dttv,  the  right  nml  left  halre)>  of  the  pi-ric:anlinl  cavity  un-cb 
beneoth  tho  tlmMit,  and  Ijcconic  continuons  wilh  each  other, 

The  piTicunlinl  eavity  (Fig.  I  17)  is  thux  men-Iy  tin-  anterior 
part  of  the  general  b<Ml}'-ravity  or  cCGlont.and  there  is  attirnt  no 
boundary  between  the  two,  except  the  very  imperfect  partitions 
fornit^tl  by  the  right  and  left  vitelline  \*eins,  where  they  diverge 
behind  the  heart. 

Towftnls  the  close  of  the  tenth  day,  oud  during  the  early 
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from  the  proximal  eud  of  tli^  Hb.  and  doee  Dot  artionlate  with 
thu  vuilelmb  uutUacoiiBidernblylatei-  period.   The  poatcrnurrite, 
behind  l:he  first  two  or  thi-ee,  develop  from  tbe  start  indep«t 
deiitly  o!"  tbe  verlebrsp. 

T\w  sturnuni  u  formed  in  twu  bulves,  and  from  the  ventral 
0od»  of  tbe  nbs.  I-'acb  nb  is  at  first  slif^tir  dilntad  nt  iu 
ventral  end  (Fig.  Idi.  ST),  nnd  thoan  eiilnrged  enda  of  saccfitBiTi! 
ribs,  growing'  both  nnteriorly  and  jiostf-riorly,  meet  and  foi»e,  «(> 
as  to  rvrm  uloug  eitber  i>ide  n  longiliKlimtl  carliln^itious  bar. 
connecting  tlw  vdiitrni  ends  of  the  ribs  of  its  «idft  of  the  body. 
Thu  two  bars,  ri^dit  nnd  b'f\,  approach  each  ot.ber,  meet  in  tbe 
iiiediau  plane,  uid  fti»«  to  funn  tbu  t)t<:rnam. 

3.  The  SkttU  (./.  Fi»s.  100  and  163). 

The  ciirl  ilagiiiou;)  skull  of  thi-  rabbit !.»  fonned  frmn  tlie  same 
essential  flwuonts* — imr.iclnM-iln.U,  trnbrciilip.  svnee  capsalea,  and 
vUccpal  bars — aa  in  the  chick  or  frog;  and  tbe  f^ii«ral  n-lalions 
of  theso  parts  to  one  Mtiotlier  ure  very  similar  iu  lh^^  thrne  aiiimaU. 
Cartilngv  appears  in  tb«  bwul  of  the  rabbit  embryo  nbuut  tlio 
fourteenth  day,  and  by  the  sixteenth  nr  »i*vont(i<nlb  dity  tIm' 
curtila^inous  .ikull  is  prnctically  completed. 

Tbe  two  parachordal  oartilagei  fui*^  together  very  e.irty  tn 
form  llie  basilar  plate  t  Kig,  I->1,  l<r),  which  <iDderUe>j  the  im-didln 
oblon^rntu,  and  furms  the  Soor  of  Che  hinder  pnrt  of  tlit!  skull. 
The  edges  of  the  but^ilar  plate  rixdw  up  at  the  eidest  of  tbe  bmiu, 
and  fuse  with  tlio  i iich-pcndcnt ly  uniting  perioUc  cn]»iii1ra 
(Pig.  159,  EC)  ;  and  then,  growing  in  t-owardi*  odch  other,  oiti^t 
above  the  cereliolhiin  to  complcto  tht;  wcipital  rinK(Fiu.  I51. 
ox).  In  froiil  of  the  8l^]^^a-occipital  cartJhipj,  I  he  roof  of  tbe 
»kull  remains  inismbranooB  until  tbe  formation  of  tbe  boiu*«. 

The  trabecola  are  a  pair  of  rodn  of  cartilage,  vrhich  ai'L*  con- 
tinuous lit  tbuir  hinder  ends  with  tbe  IwsiJar  plutc :  furtlier 
forvranU  tlie>y  lie  at  tbe  eides  of  the  pituitary  body,  nnd  in 
fi^nt  of  tlii>t  unite  to  form  the  ethmoidal  plate  fFi^'.  lol ,  et). 
TbiB  latter  is  at  Gr«t  BuuiU,  aud  ucvit  L>cci>uica  au  large  as  in  the 
bird,  but  as  tlie  nose  grows  forwards,  and  tbe  face  nitsumes  its 
definite  form,  tho  ethmoidal  plate  extends  forivawL)  with  it,  privi»ig- 
uflTfroin  ita  upper  surfaci;  a  runliaii  vertical  »rptuni  belWL-cn  tbe 
two  olfactory  organs.  The  cartilaginott;^  olfnct«>ry  capsules  ari^ 
independently,  but  very  early  fneo  with  the  ethmoidal  septum. 
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With  n'ynnl  tolliooArfilftijnnoiisIrtMdt^vrfopedinihe  viflceral 
arebes,  the  maxillary  "r  palatoptery^oid  bar  fornix  the  basis  of 
tJie  upiXTJuw,  but  it  ifluut  cUtir  whoiher  it  ttrurn  inilrptmdpntJy, 
(tr  as  ail  oiil^'T»H'th  fiviti)  tht>  maiKUbutar  bar. 

Tim  iiuLDdibalB.r  bar  ih  a  ivxl  uf  cartilage,  whicb  along  the 
grent«r  pait  of  its  IrngUi  is  known  n»  Meckel's  cjirtiUge  (Figs. 
151  and  loO,  Mr);  it  forms  the  buis  of  tbo  lower  jnw,  Ihu 
honea  of  tli««  amndible  biding  formed  aroiU)<l  it,  though  not  in 
direct  coniK^ctiuD  witJi  it.  except  at  the  chin. 

The  hyoid  bar  'm  at  fitvt  cartilogtnooe  along  its  whole  length, 
but  ;itib«fniii'ntl_v  iii:«iij)[ii-.-»r^  in  gi^eat  purt.  Its  kiwi-rr  or  vimtral 
end  forms  the  hoMn  of  lh«  anterior,  or  lesser  coniu  of  the  hyoid 
bunc  of  the  inliilt. 

Of  tho  first  biaaohial  bar,  tlif  Ofily  ])art.  that  ]>eraii(t«  \a  the 
vdntral  end,  which  foniiii  the  bdRis  of  ihn  pneiterior,  or  greatsr 
corim  of  the  hyuii]  bune.  The  liotly  of  the  hyoid  boue  is 
famiic>d  from  thv  mpclian  elemonts  of  thu  hvoid  and  first 
brAiicliJAl  ftrclW'8. 

The  ilfrt>l<){>meiit.  of  the  auditory  ossicles,  and  tbeir  reUtiona 
to  the  nituidibuliLT  and  broid  bors  hurt  already  boon  constdend 
in  thfi  snHioti  dealing  with  the  development  of  the  enr  (p.  398). 


Cnnceming  the  appendicular  ikeleUui  there  is  nothing  special 
to  note,  exoej)*  tlut  RMliker  lina  shown  tliat  the  cIsTicle  in 
rabbit  embryos  of  about  the  seventeenth  day  in  cartilaginooa  ; 
and  that  the  chivide,  though  presenting  some  pecuUnritiM  in 
the  details  of  its  mode  of  oeeiticmion,  ought  to  be  viewed  am  a 
cartilngi-  bono,  and  not,  as  is  commonly  stated,  ao  a  m«inbran« 
bone. 


DEVELOPMENT  OF  THE  SKtX. 

] .  The  Hairs. 

IUii-!«  are  epid(!niial  rtruetiir^,  and  are  as  dtaracteiiatic  of 
MaiiiniAls  OS  are  feathi-ra  of  Bink.  The  find  stage  in  the  for- 
matioQ  of  a  hair  cttnatati*  in  tb«  growth  of  a  smalt  solid  process 
froin  the  dit*|)er  or  mncoiia  layer  of  the  epidermic,  into  tho 
underlying  ounneetive  tiffiui'  (l''>g-  ^'^^y  OE).  A  &ina]l  papilla 
of  vascular  connecLiv*  ^•■•«»  vrows  into  llx*  dtwper  end  of  tJ)« 
epidermal  9  outrition.    Tlw  luiir  itw^lf 
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is  formed  W  comiticiition  of  the  nxial  or  »M)tra1  cells  of  lliej 
proOM^,  while  the  oiil^r  or  ppriphpinl  (vlUform  the  hBir-slifiitliJ 
or  foDicle.  The  hair  grows  upvrartis  from  its  base,  nnd  the  frcfrj 
tip  aoon  project*  al)o%'e  the  surface  of  the  skin. 

Fi-ora  the  first,  the  Imir*  of  the  eyebrows,  (Uid  of  the  upper 
lip  and  nose  ure  of  exceptionally  lai^  sizt*  (V\g.  149")  ;  and  one 
particularly  large  hair,  arisinj;  from  the  cheek  tmmnliateljj 
below  tht;  KVtf,  forms  0  prominent  fc»tur'^  in  mbhit  t-Tnbryos  frora 
ahout  the  nineteenth  dny  onwards,  nnd  is  nlwi  very  lai'gc  in  the 
adutt  rabbit. 

2.  The  Claws. 

The  cliiws  art-  fonni-'d  hy  cornifi cation  of  the  epidermis  at 
tlie  i»nda  of  the  fingers  and  toes.  The  Inyer  of  ejiidemiiB  that 
becomes  converted  into  the  claw  is  not,  in  the  first  inatanee,  the 
moBt  Bupcrficial  one,  but  is  a  8ppci.il  sfraluni,  developed  between 
the  *uiH?rficial  and  the  deeper  or  Mnlpigbiau  layers  of  the  epi- 
dermis ;  the  Malpighian  layer,  witJi  the  underlying  dermiit,  bt-ing 
modified  to  fonn  the  lied  of  the  claw.  Tin?  di&tal  boi-der  of  rhp 
claw  soon  projects  freely  at  the  end  of  r.lit'  digit,  and  its  furfiicr 
growtli  is  effected  by  additions  el  it*  hinder  or  itttnched  border, 
and  to  it«  uuder  eurfaca. 

3.  Thu  Maianiary  Glands. 

Ihu  iiiivnuuary  gliinds,  like  the  other  ontaneotia  f^tands,  are 
formed  by  ingrowth."i  of  the  epidermis  into  the  uoderlyiDg  eon— j 
neotive  tissue.      These  Ingi-owths  give  off  Becondaiy  brandiE 
which  are  at  first  eolid.  bat  soon  become  hollow,  ftmt  form  tk 
gland  cavities;  the  ducts  being  derived  from  the  ori^innl  epi^ 
dermal  ingronihs. 


DEVELOPMENT  OP  THE  PLACKNTA. 

The  plftcenta  is  the  or^nn  by  which  the  nutritioti  of  ttie 
embryo  is  efTected  during  the  period  of  its  stay  in  tho  ut^rav ; 
and  it  is  through  the  placenta  that  tLe  inaniioulian  pnibrvo  is 
eoablcd  to  nttai  n  so  htrgc  n  size,  and  so  hiffh  a  grade  of  develop- 
ment at  the  time  of  birlh,  althoiij^h  formed  from  an  ovum  of 
extremely  small  size  and  nhtiost  devoid  of  food-ynlk. 

The  plactiita  (Fig.  170)  is  formed  partly  fVt>BQ  th«  mothep. 


niul  pai-tly  from  tlic  embryo  or  ftetiu;  the  fabtt  rlxm^nt  b<ung 
8U|iplird  by  ibu  n-all  of  tbc  Ijlaotodei'mic  vosiclc,  nnil  by  the 
atlantoU ;  and  th<>  matertml  element  by  the  pan  of  the  wall  of 
the  uterus  to  whicli  the  bl&stodt'riiiic  veaicle  becomes  attachftl. 

In  tbe  chick,  the  allantois  (Fig.  101)  attains  a  great  siiw,  wit) 
forms  the  rt-epirutory  organ  of  tlio  embryo  during  the  later  stages 
of  it-t  development, 

lu  the  nibbit  the  allantotfl  btvoiiiee  still  larger  and  more 
important,  Biibaprvitig  nutrition  as  well  as  respiration.  It  be- 
come finnly  ntl^icbed  lo  thi*  wall  of  tht*  iitoros  (Figi*.  14^  and 
17U),  and  then  gives  off,  from  itH  outer  tsurTace,  vnaoalar  tnl^M  or 
villi  into  the  subsUmce  of  the  uterine  wall.  The  vcaaeU  of  tkvae 
villi,  which  (vredorivwd  from  tlw  allantoic  artcrJM  and  veins,  and 
arc  thrfi'fore  continuous  with  tli^  bliKHl-wetaU  of  the  embryo, 
lie  in  close  contact  with  the  dilated  iimlenuU  capillaries  of  the 
uterus.  The  intervcQiiig  walls  Wtween  the  two  aetfi  of  blotMl- 
veeeels,  fttlQl  or  nllnntoic,  itiid  Kuitcmiil  or  uterine,  become  so 
greatly  redaoed  in  tliickm.'Sii  that  diffusion  rvadity  lakes  pUioe 
bt-lwivn  tJie  two  btooil  strt<iiins,  llirougli  thMe  very  thin  parti- 
tions. In  tbiB  way  the  fu>lal  blood  (tvriveti  nutrit;nt  matter 
from  tlu>  maternal  blood,  and  gives  up  to  it  the  gawoot  niid 
other  excretory  matters  that  «r«-  forniwl  iti  Un*  embryo,  an  a 
iieoesnary  coiisetjuencc  of  the  chemical  changes  nsaocdated  with 
its  growth  and  developmi'iit. 


Tlic  actual  detaiU  of  doTelopmoul  of  lliv  rabbit's  ploconta 
•re  t'xtremely  camplicati»d,  mid  the  acooiinia  given  by  dilfcreat 
inveelii.'nton'  are  at  variance  with  one  anothi^r.  eveu  in  poiula  of 
primnry  iinportjmcc  'II10  mi)«<t  oomplcteaiid  rniiiiisl,ent  nocouat 
Is  that,  given  by  Duval ;  it  is  sapported  in  mauT  importuit 
reepecb;  by  Minut'x  iuvfuligntioun,  and  lina  afforded  die  basis  on 
which  the  following  di-Hcriprion  haa  biTeii  fimiulcd. 

The  mucouH  mombmne  of  the  utens,  in  tho  nm'ntpregnated 
condition,  in  thrown  into  six  longitudinal  folds,  which  proj>'Ct 
into  the  ut4,Tiae  cavity,  and  give  it  a  stellate  npijeaniuce  in 
tnusreise  wotiou.  Of  these  folda,  two  (Fig.  168.  pk)  lie  oa  tlie 
«id>^  of  tbo  nt<irus  nvxt  t<i  tin-  itieoninelriuiii,  or  mwventorieJ  fold, 
MM,  wliicli  HttachoH  t)ie  iitvruK  to  ihe  abdominal  wall ;  tlieee  are 
termed  by  U'    *  ■naatal  folds  '■'  placeotal  lobes.    Tbo 

a*  IbUla,  t'u.  lie  at  the  tidv^  of  tlie 
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hu  alroody  be«D  d«ecribed  (p.  SGO),  Hm  qaito  frraly  vritliin  Uie 
uterus,  uid  the  Atrnctur«  of  tlie  uterine  irik]U  i»>  us  I'oIIowm 
(<f.  Fig.  168J. 

The  muscular  walls  of  the  iic?ra»  are  well  marked,  coimstiDg 
of  out<T  loagitudinal,  ui,  aod  inner  circniar  la<rvrs,  mk.  Witbin 
tbie  lajer  of  circular  inuacira  come  thA  ftubmnoons  aad  (flnndulnr 
layers.  Of  tlic  Hix  lougiludiiuil  foUk  of  the  iiU*rus,  tlir  two 
pluCKmtal  folds,  l-K,  form  lar^  and  pTOmineiit  ridgm,  aeparoted 
bj  ft  deep  median  cl«ft,  rn.  Tke  pr-riplnoontal  fold)!,  PU,  nra 
similar,  bat  much  NtitHlli^r;  while  tin-  obplncpiital  foldit  ai>?  no 
longer  recogniHible,  liuvinjf  tieconie  t1att«iicd  out  uud  ob1itt>rat«c1 
by  the  stretdiinp.  which  this  ^mrt  of  the  wall  of  th«>  uterus  lias 
undergone,  to  make  nx-iii  for  the  embrj'o. 

'i'be  submucouH  layt-r,  wliicb  Is  vt-ty  thick  iu  tbo  placeatal 
folds,  PK,  but  comparatively  scanty  Klsfwhere,  consists  of  loose 
oonnecUre  tieituo,  witli  very  uumeruuH,  bmuclMMl  connwitipe- 
tis8u<>  cells,  nnd  15  W17  vascular.  Ttii'  blood-vcMcls,  which  an) 
derived  fVoiti  the  uifMOiiiftriQm,  perforate  the  muMutar  walls  of 
the  ut<>rue  &s  small  arteries  and  v^in^,  and  th'-n  dilnto.  witliiii 
the  Bubmucona  layer,  into  large  but  very  thi»-walled  capillarirs 
(Fig.  168,  re),  which are<-«pfCta)lyriuinrrou8 in  theiialiglnndular 
Itiyt-r  of  ooniK'Ctive  lisaue,  imuediat^'ly  below  tlie  surface  cpi- 
Uteliaro. 

Thv  epithelium  lining  the  uterus  it  pittMt  to  form  the 
Qterine  glimdii,  ii(',  which  »rc  vry  dei'p  and  fnvly  brancbiil 
In  tbe  placental  and  periplaoi^ntal  foldx  ;  while  iu  tJie  obpUceutol 
ofea,  owing  to  the  stretching  which  this  part  of  the  uteras  hi8 
utKli-r^uiie,  the  mouths  of  the  glands  urr>  gn-atly  «lilatcd,  oiii! 
t1)e  glands  tbcmsolves  widonM  out. 


Early  on  the  eighth  day  the  attochnivnt  of  (he  blaatodennic 
resiclo  to  the  wall  of  the  uterus  ooiumeiiees,  and  l^  the  niltk 
day  it  is  completed.  Tlie  altachnu-nt.  is  cfl^-cted,  ta  already 
noticed,  by  thickening  and  prolifemtion  of  the  epiblaet  colU  of 
the*  lilastodeniiic  vi'xicio  over  n  li<tr»<»-«dioi'  Aha]>ed  patch,  the 
plaoeutal  ana,  which  Burrouiids  llie  sideti  luid  hinder  cud  of  the 
embryo  {Vig.  14o,  b').  The  epiblnst  cells  of  t^is  placental  area 
become  more  numerous,  hy  repeated  divisioDs,  aud  grt^w  onl  into 
invgalar  proeeaaes  wluoh  6  '<i*  eurface  of  tke 

plnowtal  lobea  of  th'  time,  aoooni- 
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ing  to  l>a\-a],  tlie  aterine  ppitlii-liutn  of  (he  plnovntol  lobee  hu 
entirely  disappenrw),  hy  al-i^orplioii.  lliough  it  n>mains  analt^rad 
in  the  deeper  parts  of  the  gtaotis  for  some  time  longer:  the 
embryonic  e[Hblast  of  the  pUceotal  ai-ea  is,  therefore,  in  direct 
ooataet  with  the  coim«ctiTe  ti»«uO'  of  th«  ulorine  wnll. 

Thin  thickened  epitholinm  of  the  pljiwntal  area  of  th«  btash^- 
ilennic  veeicle  is  a  strni-tun-  of  vi-n-  grvai  importance,  and  haa 
been  naniiHl  hy  Dnval  t)i<-  eot4[itaceiita.  It  serves  in  the  iin>t 
instance,  m  just  noticed,  to  attach  the  t^ntbryo  to  the  Qteriue 
nrall,  and  in  the  Iat4>r  ^ta^^  ii  plnrs  a  very  prominrnt  part  in 
the  fnrmnrion  of  t)i«  placenta.  Il  most  Iw  borne  in  mim) 
thronghuut  the  fuUuwing  deecriptioii  that,  if  Duval's  aeoaane 
LH  correct,  the  ectoplacenta  is  entirely  of  fictal  nrigin,  and  is  not 
derivL-d,  even  in  part,  from  the  aterin«  epithelium.  This  is  » 
point,  however,  on  which  (ilifI«rt>noe  of  opinion  obtains;  Strahl, 
for  instance,  inuintJUTiiiig  that  the  ectojilaceiita  is  fortiifd  hr 
pn^iferation  of  Uiu  uterine  epithelium,  and  not-  fiXHn  the  ejn- 
bryonic  epi  blast. 

The  embryo  iionnally  1ic«  with  its  long  axis  coinciding  with 
that  of  lUo  bliistodermic  vesicle,  and  tliere-fore  with  that  of  the 
nt«rma,  so  that  a  tranavei-»e  swction  of  the  nt«rue  cats  the 
embrj'o  transvc-rscly  (Kig.  1G9,  xu).  The  embryo  is  a^aally  in 
tho  middle  of  the  upper  sniface  of  the  bliistodermic  \esiclr,  and 
lies  oppowti-  tbi;  dwp  cleA.  m,  bvlw<*eii  the  two  placental  lobe^. 
Tbe  petition  of  the  embn-o  is,  however,  variable,  csiM'ciftlly  in 
the  earlier  Magt's:  it  may  lie  obliqnely  scnaK  the  vesicle;  or 
may,  more  rarely,  lit'  oi)|H>«it«  one  or  other  of  the  placental  lobca, 
inetead  of  opposite  the  cleft  lietivi-en  them. 

In  the  ail  bill  ncoiix  layer  of  the  ))Iaceiital  lobes  important 
i^ngeii  tN^ur  during  thp  ninth  day.  Tho  capillaries  dilate  very 
considerably  (Pig-  1<J9,  VC),  bi-coiniiig  much  larger  than  the 
arteries  and  veins  in  eonncrtion  with  them,  lliey  retain  their 
Himpla  epithelial  walls,  but  thick  iidventitinus  peri^Twculftr  walU. 
afe  formed  mitside  these  by  the  surrounding  CDnnectivo-tiseuu 
celU.  These  perivasculHr  cells  are  at  first  ordinary  connective 
tissue  cellB,  which  increase  in  iiiimber,  dmw  in  iheir  procnnes. 
and  bccomo  arranged  in  layers,  two  or  three  ccIIb  thick,  around 
the  cdiiillarli'.t.  'I'liis  pcrii-aacuW  thickening  of  tho  walls  of  the 
capillaries  occurs  throiighont  the  (^reaier  I'ai"'  "•'  the  submucous 
hiyer,  but  doc*  not  affect  the  capillaries  immediatfly  bcue-ath  tho 


tlo.  1S9.— A  umiuTMM  MoUon  aorou  the  niem  Knd  the  eontaln**)  Uutn* 
dvrnitc  K>klcor»RabfaitBtUM«nil«f  the  Dir>tlid*v.  ty.  Viiz<  lUuiil 
lie,  In  wttdi  ibe  blft*tod«fKio  t«*iolo  nml  cmliryi  ■>?  IbJH  ttp'  >»>  (Ikivii 
la  vattaae  tiew  and  in  Mgittal  (cMkii].    (Jn  i«jt  aficr  DivaL)     ■  a. 

AX.  AJ*  bdl  «r  lb*  ■nnlMk. 
*«Mi,bnnMtlM<niihr)'«Uil  um.  % *plUM( ot  Uw  IJMiuirvato  nMd*:  Uw  SSW 
MauHbl#iteiWtktiMd«HblMptili*ilMMiUwa.  O V.  •h*Im  iMAl  CTKi 
B«IMa|nls1mfl*DA>t>fpbntiMlnfI«L  H.lVF<tih«ntMM«atrate>i*K  JU| 
run-  ni  liiMlniifcHl  i  '  rilir  nrtlifltii  nlii  m  HKtl>Mr<v*t'*<diriaiiMlnal 
tb*  aal  dC  Uw  nUHM,  MM.  iBflBiDMilKU.  HO.  ■«**1  (»*»  •(  (Shniw  (a  trBa» 
*«!«■  HMln,  PB.  miwIUb  lUA  bannni  iIm  utHanial  Whb  uI  Oh  Umbii.  BL  hIi—i 
urvlMlU,    UC  nulBartw  ml  ftMHiul  >*|1«.  «l>k  ikt'kf»l  pMlmmdw  mbt 

During  the  tenth  cUy,  the  ectoplitc^ntA]  epHholium  incroKMa 
l^reittly  in  thickDms.  aud  baconws  excavnteiL  bj  irregular  cban- 
Di'U  or  Incunie,  whlcU  iicoording  to  Duval  open  into  the  materoal 
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or  iiterinp  cnpillarios.  At  the  same  rittie  fh*^  mnvT  or  A 
Dnrfiu^H  of  the  LTU>]i1ftccutA  is  bi>coiiiing  folded,  and  the 
Ijlnst  of  the  Bomatopleure  grows  in  between  these  folds  (cf.  Fig, 
147,  E*}.  Tlioutrriiie  glnntU  uf  th«  [>l»v#iilallol>ert  h»vo  bv  tkia 
limealiiioNtdisapiH'arBd  (r/*.  Fig.  169,uw)  ;  snda  little  Inter  they 
nr©  completely  obsorljeci.  In  the  subniuams  Inyer  the  pfrivwt- 
ciilar  thickening iif  the  wnlUuf  theatjiilUnM  Iiii%  |>n>c«v<le«l  BtiU 
fiivthtr.  w!iiV>  the  cnpillnries  thpiiis^'lToa  are  even  larger  than 
before;  mid  ultiiniitcly  ni'srly  the wbulu  of  tho  ounnective  ta 
of  the  submucous  layer  Ixt'imn'e  converted  into  peririt^ctilar,  or, 
as  thoy  are  now  t«rm(-d.  deciduftl  o«Ui. 

Iq  the  peri))Iuceutal  lobos  suiui^u'liat  siiiiilAr  cliangi^  occtir. 
Tlie  t^ii[Kn*(icia]  e|)ithrliiiiii  of  tho  ut.cniD,  nnd  Ihn  i-pilLetiutn 
lining  Uk  iiioulhs  of  tht^  gliiixlit  lU-gcnentU-  imd  diwnppear  ;  mi>I 
pmvuHcuiar  tbtcketiiiigs  of  the  cupillury  whIIh  occur,  althou] 
to  a  le^»  niarkf'd  extent  thnn  in  the  placental  lobes. 

Iti  the  dbploci-'ntfll  n-gion  also,  the  utmne  epithetiuni  de- 
genfratiM  and  becomes  absorbed;  but  the  epilhelium  of  tiie 
glanils  theuut^lvt'H  r^inainH,  aud  at  a  lat^r  stage,  by  spreading 
oulwimU  fi'oin  the  months  of  tbe  glnuds,  reoun^titut'Oi  ua  opt- 
theliikl  lining  to  this  part  of  the  uterus. 

TinvariU  ihi»  oml  of  the  tenth  day.  and  during  the  idcventh 
dny,  tbr  allnntois  is  growing  ra|>idly.  Ak  lOionn  in  Vipt.  IIG 
and  1 47,  tJie  outer  or  meeoblnst  ic  wnll  of  tbe  allantois  very  curly 
eo&leec<>)4  with  tbe  lUi-soblaBt  of  the  outer  layer  of  tlie  amnion, 
opposite  the  plocetitd  area  ;  atid  in  this  way  tbe  blood- veaselH 
of  the  altimt'^iK  nro  brouglit  !tnmi.-dint«ly  beneath  the  ectopla- 
cantnl  epithelium,  and  conBe<|neiitly  into  close  proximity  with 
the  dilated  capillaries  of  the  uterus:  and  the  placenCn  is  th 
established. 


^ 


The  funbfi-  developmeut  of  the  plnoentii  cooairta  mainly 
in  a  gradually  increasing  complication  and  i:>Iabor8tiDD,  hv 
which  folds  oftlie  inesolilnst,  containing  the  allantoic  TeaaelSfBrtt 
carried  deeply  into  the  ectopla««nta  frum  it«  ioiMr  aarik^p  • 
while  from  t^he  outer  surface  the  materiuil  vessels  extend  in 
further,  and  in  Inrper  iiumbtirB.  tlian  before.  'Jlii*  interiligit^ 
tion  of  tJie  fcDlal  and  malenml  blood-vcseeU  is  accompanied  bv 
'pngnaa.ytt  thinning  of  Uie  layer  of  t^ctoplaa-alol  epitlietiDiii 
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int«n-n>inp  lietH-Mo  tlicni,  «ntil  nhitniitfJy  the  tiro  itrti  of 
tilootl-vessfiti  are  sepamled  \ty  exceeilingly  UiJii  parlitions. 

Ilie  Bucceesire  ttcps  in  ttiia  process  are  as  follows  ;  Daval's 
J«»criptioDs  beiii^  mftinly  fotlovroil  In  lh«  nccount  lu>re  given. 

Fmni  tlic>  tenth  da;  onwtiritti  the  ffruwtli  of  the  tuM^nlar 
septa,  or  villi,  (nnn  tlie  ollmitoid  into  thv  fctoplacenta  jiroceeds 
Tory  rapidly.  «o  tlint  tlto  latter  becomcfi  rut  up  into  a  seriea 
■of  i^iliaily  nrmii^i^  columns,  or  lohatctt,  within  which  lie  tba 
lacunie  oppning  into  the  mntrrnal  cApillnrittt.  At  iJiis  stogi* 
tho  I'CUtl  l>low]  it  OTparated  fn>iri  I  Ik*  tnntonml  Moud  Ly  tbrotf 
fltnicturen : — {i)  llie  endotholini  wall  of  tlit-  Ca-tal  or  all&utoic 
<3pillari«K  ;  (ii)  n  layer,  severnl  celU  in  thickness,  of  the  eclo> 
placvntiil  epithelium;  (iij)  thi-  ■■ndotliclinl  wiiU  of  tlie  iu&t«m«l 
onpilliineft.  Tlii-n'  in  tuiino  duulil,  Itou't-vt-r,  n-itli  rvganl  to  tbn 
third  layer;  awording  to  Daval.  tliis  linx  already  diwipiieftrwl, 
and  tlie  uiiiteninl  veswls  of  tJie  placenla  are  merely  Incunar 
i>|MCL's  hollon-vd  out  in  tlie  pctoplaccntAl  rpitlicl!um,  bikI  dvroid 
«f  iru«  wallft. 

niiring  the  twelfth  (o  llie  foDr1«entli  Atjt.  eacb  of  tli«  ecto- 
plncvntikl  columns  nr  lobitl^R  IxKronxs  ^ulxliridcd,  hy  longitodinal 
folding  of  it«  waIIk.  and  ingrowth  oftw-ptn.  into  a  eet  ofclosi-ljr 
placed  pantllfl  tiitinte^,  tJie  geneml  iHi-pction  nf  which  in  radial, 
(.«.  rertical  to  the  inner  surface  of  ihe  uterus. 

These  lobulps,  in  the  Uter  slages,  become  larger  and  tDom 
minuloly  t^ulidividci),  and  by  the  nineteenth  or  tventieth  day  llie 
relations  art'  us  («hown  iu  Fig.  17(1.  Kucli  of  tlif  two  placv-ntnl 
lobes  now  conaisls  of  n  nnniber  of  lolxili-in,  ru,  which  ant  aome- 
wtiar  fiisifoma  in  sha|N>,  riMltally  armngivl,  and  packed  cbwely 
logellier  side  by  side,  t^-h  lobule  i*  further  sulxlivided  into 
n  oomplicBt'cd  syalem  of  branching  tubular  passagce,  which  at 
«Mtk  end  of  the  lobul«  o]>en  into  Inr^r  chnmlifni,  (rp.  Ilirtmgh 
tbeM  pasngM,  which,  according  to  Uuvid.  an.'  simply  incatUB 
exoiiTftted  in  thr  cctoplaoentnl  epithelium,  the  matenial  blood 
<'ircolale8.  Ijirgf  atfepent  cliitnn<>lH,  dem'ed  from  tin-  utrrine 
nrteriee,  convey  tlie  nmUTMul  blmud  directly  to  tJie  dilated 
cbambcrH  at  the  inner  ends  of  the  lobnles.  next  to  the  »nrfaoe  of 
the  uterus.  Prom  thewL^  i-liiunlwni  it  flows  Inck,  througli  the 
complicated  pyatem  of  tnbnitfi  ol*  which  the  lolinle  coiiRiRts,  to 
the  chntnbers  at  the  outer  enHo  •■•*  *lt^  lobules,  frotn  wlut-h  it  is 
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OMned  ftwav  bv  eflewnt  Teasels  wliicli  fipen  iato  the  uterine 

IIm  fu-tal  cr  »lUtitc>ic  reesels,  ^A*  paes  between  ttie  eeveml 
1olnilMf>  to  thgir  outer  endii.  and  tli^n  ivtam  lut  tliin-wnl  1(^(3 
capillarity,  vhicli  pass  ifarough  tbi*  ]obul<«,  lying  betwiwii  the 
tnbnlee  into  which  these  arv  divided ;  on  reacliing  tlia  inner 
snrba?  of  tb*-  alfras  tbe  capillan«#  fipi-n  into  the  allaotoic todSt 
VI,  which  tvlum  the  Uood  from  the  placenta  to  the  embryo. 

In  the  later  stages,  from  tlie  tirentT-Gfth  to  tb«  tbirtif>tb  day, 
thf"  chief  changt4  eoaaaxt  in  the  grodn&l  thinning  of  tbL>  pikrti- 
tions  wi>aratiji};  the  ftrtal  ami  maternal  streams  Id  tbu  lubalt^ 
The  ectoplacental  wall  becomes  gradually  abvorbed,  more  and 
more  oa<nplet«lr.  until  ultimatelj,  nccording  tn  Duval,  a  single 
layer  of  epithelial  cells,  tbo  endotbelial  wall  of  the  fcBtal  capil- 
lai>-,  is  aloue  left  between  the  two  slrMtna  of  bloud. 

The  changes  that  nocur  in  tbe  dee])er,  or  gubmuccos  fori 
of  the  plnctrata  rtH|uire  further  notin;.  In  tlu*  enrty  sta;^ 
(Fig.  Hi^),  th'fi  submacouit  lax'er  i^  xhtk  tbii-lc.  ami  I  hi*  wUf- 
placentfi  reiy  thin.  By  the  nineteenth  day  (Fig.  170)  the  two 
hare  Ix-cnnie  of  about  eqnal  thicki)ps.s.  From  thi.<>  time  tbe 
Knbia»c<:iu9  layer  i*  the  thinner  of  the  two,  and  towards  tho 
clo»e  of  gBst&tloD  it  becomes  oom[)aratively  in»igtulic»iit. 

Tbe  chief  cbanj^es  that  occur  in  l)ie  submucous  layer  during 
these  later  r^tages  are: — a  still  further  dilatation  of  the  capillary 
vittaeU  ;  an  increoxc  in  tbe  decidual  celU  aurronnding  tliu  capil- 
laries :  and  ilio  apin-aranct*  in  the  Hubplauduiar  region  of  a  Inyer 
of  special  cells,  spoken  of  as  glyct^gif-noiis  cells.  ThfSi>  latter 
aru  Inrgf.  rouodii'h,  or  ovoid  v«icnlar  bodies,  eacli  consisting  of 
an  outer  capsule  and  a  central  multinucleate  protAplaamic  body, 
from  which  strands  of  protoplasm  radiate  outwards  to  the  cap- 
snle.  In  tbe  meshes  betworn  the  strande  lie  faintly  glistening 
glycogen  ma)>sfM.  Koch  of  theii^  glycogenoiia  cella  Li  ^aid  to  be 
formed  by  the  fusion  of  a  number,  from  threa  to  six,  of  origi- 
nally  se^tarate  cells. 

Th«  perivascular  nnd  glycogeiious  ci-lls  ai-©  prolmbly  to 
regained  as  having  some  function  in  connection  with  tho 
boration,  or  preparation,  of  the  tnaternjil  blood,  before  i*  *• 
to  the  placenta  for  the  nourishment  of  the  erobiyi 
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in  tlie  nmf^rnal  capilUrif-!i  of  tlie  pkceuta  is  Epecially  clunir- 
teruec)  by  tlie  riMativifly  eiionnous  iiuinber  of  lenoocjtes  whu-h 
it  contains,  at  all  stages  froui  about  the  vlcn-ntb  or  twelfth  day 
onwardtt. 

Curious  nnxliScatious  occur  in  the  liniufr  i*piiheUum  of  the 
niaTen);!!  capillaries  uf  tJie  submucous  layer  during  the  f'onna- 
tion  of  Iho  placenta.  Tlio  onliiiRry  vnclothvlial  waIIk,  which 
thpHf  vessels  at  tirpt  have,  Iiocnme  nsplatv*!  hy  a  Inypy  of 
irregulftr.  ihicki-iied,  and  ofttfii  ooluranar  cells.  According  to 
Dura),  this  Inyer  is  formed  by  vxtvnsion  outward*  of  c^^-lls  from 
the  ectoplarenta  along  the  interior  of  the  maternal  veasele ; 
while  Minot  n-guriis  it  ua  formed  by  degenerative  chaagea  in 
tliw  proper  endothelial  wall  of  the  capillaries. 

In  flic- ubplacL-ittitl  region,  and  Ion  le«9t  cxt«nt  in  tlie  peri* 
placental  region,  certain  pecnlinr  cells,  characterised  cliiefiy  hy 
their  cnormouH  size,  and  liencc  epoken  of  ns  colossal  or  giant 
cells,  appear  in  the  suhmucoue  layer  at  an  early  stage  (Fig.  Hi'', 
liL).  These  oi't?  stated  to  be  derived  from  the  uterine  epithelium 
of  those  regions ;  they  form  marked  fratim-s  from  the  uintb 
day  onwards,  Ijut  lliL-ir  fuiiclioii  Is  entii-ely  unknown.  Cella  of 
exceptional  iti»e  are  commonly  aRAOciated  with  absorptivo,  ntber 
than  with  fijrniiitive  clmngfa,  but  the  actiral  aVworption  occnr- 
ri»g  in  this  region  of  the  utems  is  cainparativcly  »ligLt  in 
nmount. 

Parturition.  Tlie  outer  layer  of  the  auUmucous  connective 
tiseae,  next  to  the  circular  muecle  layer  of  the  uterus,  is  cluumc- 
terised  by  thR  Bnmll  bi/c  of  its  bloocl-ves-iels  (Fig.  170,  po)  ;  and 
it  is  along  thia  line  that  reparation  takcM  place  at  tlie  timi.-  of 
birth,  the  entire  placenta,  both  fcetal  and  maternal,  coning  away 
with  the  young  aniinal. 

The  actual  separation  is  effected  hy  Htrong  conlructiona  of 
the  musclus  of  the  uterus.  The  heemorrluge  at  parturitiou  u 
but  slight,  pari.ly  l)ecauM»  the  hlood-veaaels  along  the  plane  of 
sepiu'atiou  are  euml],  and  partly  because  of  the  rapidity  with 
which  complete  contraction  of  the  uterus  is  effected. 

Long  Vjefore  the  birth  of  the  young  animal,  the  mncom 
niembmne  of  the  ohpiaeentnl  region  of  tJie  uterus  has  been 
completely  re-eKlnbliahed ;  tliis  mucous  membrane  is  attached 
to  the  muliculiiLr  walla  of  Uie  uterus  by  very  loose  coiuieollff^" 
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tissue.  Owing  to  tbu  sbroog  ccmtrncHoD  of  the  tauBcIes  of  the 
uterus  at  the  time  of  birth  of  the  young,  the  bam  [tntch,  front 
which  the  pincfiita  has  beou  BeparaL«d,  is  at  once  greatly  re- 
duced in  s'lTA^,  while  tlie  loosely  attached  maoous  menilinuiv 
of  the  ohplacontal  region  aliiw  over  it,  anO  oIoa^  the  wound 
nlmoBl.  instftiith'.  Tho  complete  regienemtioo  of  thi»  uterine 
t-pithrliiiniafit^'riuirturition  is  etiected  with  astonishing  rnpiditv. 
and  the  doe  i«  ready  to  receive  thw  buck  almost  immediately 
after  she  has  given  birth  to  the  yonng. 


The  ploceuta  is  c<»uinoaly  regarded  as  esseiitially  an  allantoic 
slrDClnre.  Rut  tlio  Tad*,  tliat  the  nttAchmonl.  tu  the  atoms  is 
first  effected,  not  hy  tlie  nllantois,  but  by  tlie  epiblagt  of  the 
blautodennio  vehicle ;  and  that  the  aJhrntoiit  merely  utiliaen  tbia 
sttnclinienl  aa  a  meaits  of  gottmg  acof^ss  to  the  at«rus,  !iu^f}fest 
thai  the  participation  of  the  allantoic  in  the  fonnation  of  the 
placenta  is  probably  »  sc-condar)'  and  not  a  primitive  chamcter. 

Tlic  fuiiher  fuel  lliat  chiiugmoccur  in  the  mucous  membrane 
of  the  obplacentul  and  peri)>lacental  regions,  eimilAr  to  the  Ntrlier 
changes  seen  in  the  placental  region,  anggesta  that  tlie  area  of 
attachment  of  th<<  blm^todrrmic  rrsiclr  to  the  nteroE  was  origtn- 
nlly  n  more  exteunivt*  one.  Itfinot  has  contended,  from  thesw 
Htul  fiimilar  coRBid^>ratiotia,  that  the  mammalian  placenta  was 
uriginully  formed  from  the  chonoii,  i.n.  fn>m  the  extro-enibrynnic 
part  of  the  blastodermic  reside,  am)  not  from  the  allantoic ; 
and  the  hietory  of  the  formfttion  of  the  placenta  in  the  lower 
gTOup«  of  Mnnimals  strongly  siippm'ta  this  view. 


LiHqfthe  more  important  /'ubtuationm  dtating  mik  Ika 
DtvtloptntTtt  of  A*  RatAi/. 

Barcj.  v.:  *RHMU«hM  Lb  Emlirjdloigy.'     Fliilctoptiicnl  Ttinaactttw  of  Uw 

RoyatSorioty.    1810. 
Dttnedra,  B.  «nn :  '  llr«licn.'ha<   sar   b    Compasitton   «t    J*  SignUaattan  d* 

I'tKuf.'     ItriunlliTi.     IRTO. 

*  Itocli(.-[cl)«s  lui  rKmbrraloicifl  iIm  UuDinltHes.    Iji  ForauUloB 

das  P*ulll«l*  rlMt  1*  lAfiia.'    Are1iit«>  Ac  Riolfiri*,  I.     l8Sa 

'Obwrvatiuiu  HUT  la  Malunttion,  la  K^oondation  Ft  la  BegaMDt*' 

Uon  de  IfBnf  dc*  ClieiroptAiv^.'    Arcltlvn  ito  Dlultiirlr.  L     IStO. 
BMOdan.  B.  Ton.  anil  Julia.  &:  ■-^•«  tat  la  FonnatlAa  fbn  AnMSS* 

FiBlalM  ^<>*  Bl^oglc,  V.     IttBI. 

Diii-tiair,  7  '  mlnebeo' Btea'    Bnum- 

Ml 
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BwR.  n.:  '  Rvitrdcc  tiir  Knlwicki.-laniiaz<wihic!ile  da  SflMteUitcrinnanM 

Ardiir  fflr  mikrONkripiHali«  Aiiutomle.  xisiU.     1889. 
CmU^  M.  :  '  Hiatoictt  f[6a<^m]c  ct   parlionllbro  da  Mretoppemont  dea  Ooipt 
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ClIAITEB    \1. 

THE   DEVELOPMtlNT  OF  THE    HUSIAN 
KMBRYO. 

PRELIMINARY  ACCOrST. 

'Flit-  batnaa  embn-o  in  duvt^lopit]  fr\>iii  au  cg^,  which,  like  thnt 
of  otber  aoiinals,  is  a  single  Dacleikted  cell,  tlerir*^  fi-om  thr 
peritoneal  oulls  fonninf*  th4>  auti>nnost  layer  of  Oie  ovary.  Tb^ 
hniDHi  pgg,  or  orum,  mt^Asiirca  02  tniii.  in  dianMtt-T,  i.r..  is 
rather  la«  Uinn  <loublf  th>?  dtnnict^r  of  liio  otdid  of  the  rabhtt. 

The  ovum,  wlit'n  ri|M.  is  discharged  from  tho*  ovnry.  ami  U 
taki-a  up  by  the  open  iniiHtJi  of  tlie  Tnllopian  labf  or  oviilucl., 
down  which  it  travels  to  the  atems,  where  it  rvmatns  durinfr 
the  rL-st  of  tbu  pcriwl  of  dwolapim-nt,  I*rior  to  tJie  arrival  of  tbp 
Dviim,  thi>mnona.<i  tiieuibraiieliDing  the  Rterus  umlergoeti  impor- 
tant cliaoges,  and  gtVM  rise  to  a  special  Uver,  tJie  dectdu&.  to 
which  the  ovam  is  attached  and  in  vrhicb  it  1>eeuriii>it  ftribod<]>>d. 
Duriiip;  ^■t^iatioD  the  cavity  of  the  ult}riu  gradually  boci'tnes 
filled  up  by  the  gron'th  of  the  embrro  and  of  its  inclosing 
membranes. 

Aa  th«  oTtim  is  of  veiy  small  size,  the  DDtrlntent  a.t  the 
expense  of  which  dnTctopmcnt  taki-A  place  most  be  obtained 
from  without.  This  is  efft-eled,  an  in  the  nbbtt,  by  tiu-uQs  of 
the  placeuta,  an  organ  in  which  the  blood-veeaeU  of  the  (.'mbTTO 
and  thosei  of  the  wall  of  the  ut«>ru8  are  brought  into  extensira 
contort,  so  tliat  free  iutci'changc  of  conteote  can  take  place 
thn>ugh  their  walls. 

The  procens  of  fertilisation  of  tho  huuiau  ovuin,  and  tho  enrly 
BtOgOBof  de%'eIopnient  hnve  not  yet  bnenseeii;  aiid  uf  tipi-cirae 
diowtng  th<.i  lirst  furuiation  of  tlio  i-mbiyu  only  a  very  limit 
number  have  been  obtained,  and  vt>ry  few  of  these  iu  6t 
condition  for  microscopical  iiivestigulion.  Of  later  enibryc 
numoroaB  specimens  have  been  examined  and  described. 
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Grom  a  stage  correspODding  to  about  a  forty-^ight  Ikiut  cbick 
embryo,  or  to  a  nine^nj  ralibit  rmbi^'o,  tbo  histoiy  uf  human 
ilcri-lopment  baa  be^n  ^ctct-miimd  in  coiittii]i'rab1»  tlrtail. 

For  this  aatirfactory  condition  of  our  knowledge  we  are  very 
largi'Iv  indebted  to  the  labours  of  Froffssor  Ei»,  whose  dct«ili'U 
and  carafat  di-«criptioD8,  nad  spU-iidld  scru-K  of  (igurci>,  form  tlw 
basis  on  vtiich  the  acooant  in  the  pivaeiit  chapter  haa  been  in 
chief  part  foundod. 

The  total  period  of  buaiAQ  development  is  usually  eetimat«d 
at  slightly  under  !<'□  lunar  months.  The  exact  pL-riod  cannot 
bo  oscerEaint-d,  owing  to  the  impossibility  of  deti-nniuing  the 
time  ui  which  fertilisntion  of  the  egg  hs  efTuctud,  i.e.  at  which 
derelopmont  commences. 

Tbo  details  of  dt>Ti-lopm>-nt  of  tlie  hnm&n  embryo  oro  clo6>.-ly 
similar  to  those  of  tbo  rabbit;  the  chiwf  poinUi  of  diffen*nw 
being : — (i)  the  far  lon^r  time  <wcwptfJ  by  the  human  embtyo, 
more  than  nine  times  aa  loug  as  the  r&bbit ;  (iij  the  extreme 
slowness  with  which  the  early  sUges  of  development  are  eObcted 
in  thu  buuiuo  embpr-o ;  and  (iii)  thu  early  atogu  at  which  thit 
allantois  i.s  e^tabllalietl  iu  the  buman  embrj'u,  and  Uie  jKtculiur 
mode  in  which  it  is  formed. 


THE  HUMAN  OVUM. 
1.  Formation  of  the  Onuo. 

Ilie  earlier  stages  in  the  dovclopmtiat  of  tlu-  ova  are  already 
completed  in  the  fenialfi  rliild  U'fore  birth  ;  and  a(l«r  biitli  the 
fortnatioii  of  ova  only  goes  oa  for  a  vcrj'  i<hiirl  lime,  and  to  B 
very  limited  extent.  According  to  fiiacboff,  Waldeyer,  Koolis, 
and  othort),  tlie  rormation  of  new  ov«  oeMSB  about  the  age  of 
two  yvnra ;  in  othor  voids,  tho  ovariflB  of  a  female  child  already 
uonttiin,  at  the  end  of  tb»  second  year,  all  the  ova  tliat  will  ever 
ba  d6velope<d  in  them.  As  each  ovam  ia  morphologically  a 
siDgle  celt,  tliia  means  that  an  individoal  cell  may  live,  and 
rolain  all  ita  cUaracterietic  activitiis,  for  a  period  of  forty-6re 
years  or  «K>n>. 

The  early  developraeot    '  -^  must,  tbt^refore,  be 

idiixl,  out  in  tho  >  embryo,     llie 

eevoml  stages  of  tlor  to  those 

o  a 
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Already  described  in  the  rabbit  thnt  a  d«(nil«d  account   vriW  be 
onuc-cuenuT. 


Tlie  g«niUQal  epittielimD.  In  ombryoa  of  about  tJie  tit\)t 
week,  the  gvnitjil  ridgfs  api>par,  as  n  pair  of  loiigitudiuBl  liotiilK 
Along  till-  dor.iiil  wall  of  tlii'  iilxlumiiial  vAvity,  close-  tu  the  itinor 
borders  of  the  Wolffian  bodies.  The  ridges,  wbicli  at  tint  an 
merely  caused  bytheepitlielial  cells  becoming  oolumuor  in  pince 
of  squAumus  in  sJiapc,  rapidly  incn^asv  in  thickness,  partly  uiring 
to  active  division  of  tbo  CftlU  of  tlie  g'erniinnl  (^pitbi-liQin 
covering  tht-  rid<re,  and  partly  owing  to  ingrowth  of  connective 
tiseue  along  tlicu-  axee. 

At  All  i-iirly  iiiri',  an  intitntit«  rolation  is  eetabliahed  betn-«cn 
eacb  genital  ridg.-  and  tiie  oorreispondirg  Wolfifian  body,  n 
number  of  rod-Iiki''  onljfrowthis  arising  fmm  tho  Mnlpigliian 
bodicsof  tlif  Vr'wifiian  bodv,tMid  givvring  into  tbv  enbetance  uf  riic> 
gtrtiitnl  ridgi'.  Thesc-r  hkIb  subsoquently  become  hollow,  and  foi-ni 
the  so-cAlled  tiibuliforous  tiiwiue  of  the  ovary.  This  lifts,  at  fir«l. 
cIoBt-  bt'ueath  the  germinal  fpithtjliuin,  but  aoon  withdraws  into 
thL-  di-cpiT  purl  of  the  ovuiy;  it  hue  nothing  to  do  wiib  the 
foi'uiatioti  of  the  ova,  and  merely  iV4|uit«8  indntioa  on  Recount 
of  its  givAt  prominence  dui-ing  the  early  stages  of  develop- 
ment. 

lite  genninid  0|iitht*lium  givu«  rieoto  die  ova  in  mach  the 
same  way  a&  in  tht^  rabbit.     In  itii  eorlieitt  !itage«  it  is  n  »inglaj 
layei'  of  columuar  opilbelium  ells,  witli  large  nuclei,  the  cells' 
meaAurioig  on  an  avcragt;  about  0'014  mm,  ia  leogtli  by  0'007 
mm.  iu  width. 

By  division  of  ita  cells,  the  genniniil  epitl)i<Uum  rapidly 
increases  m  thickness.  The  surface  cella  remain  columimr,  but 
the  deeper  cells,  which  nre  i^^iherical  or  polygoaat  in  kKbjk>. 
grow  down  intfi  the  connecfive-tiaaue  stroma  as  irregular 
branching  rods  of  cells,  tbi-  egg  oolomni  (Fig.  17 1).  IJy  fun  her 
growth  inworda  of  the  egg  columns,  accompanied  by  octive 
growth  otitwnrdB  of  the  vnscnlar  connectire  tissne,  the  structniv 
of  the  ovury  rapidly  bt^couies  more  complitalcd.  In  pluce  of  the 
original  anangeraent,  of  a,  layer  of  epithii'lial  cells  clothing  a 
central  connective-tiasue  core,  there  is  now  (Fig.  171)  a  super- 
ficial layer  of  columnar  epitlieliuio,  u,  beneath  which  i»  a  reti- 
cular framework  uf  coanectivo  tissue,  tJic  meshes  of  which  are 
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filUdwith  irTP^oUrcolDmasorrodsoreintlieliBl  cells,  ikrraag««] 
for  the  mofit  part  verticotl  to  the  sariaee. 

The  primitive  ova.  Tbe  columnar  eptllielinl  cells  of  the 
eiirtHco  layer  ar>_-  nt  tirst  ul)  inucli  tho  sumo  atzp,  bat  the^  do  not 
loof^  reminin  m.  At  an  early  period,  nhoot  the  taxth  or  ieveatb 
we«U,  CLTtaiu  of  thf  cells  l>e«>mo  couspicuouB  by  their  larger 
size  and  more  Bpherical  shape ;  these  arc  tlie  primitive  ota 
(Fig.  171,  e,  e),  each  of  which  is  eapablo  of  d&veloping  into  a 
di!finttive  or  permanent  orum,  and  then,  if  fertiliiaod,  of  ^ving 


riQ.in.-Fan  ot 


i^Muj  ot  a  Dew-bora  Infant. 

'    i4u*  «f  «v<iMU  MiK  hwM.1  b) 

I '.  mat*  of  vwliw  Aarfa^  OMUIUnN' 

.:;:  wiuin  aoouiMi  BTdB,   y^  blood- 


rise  to  on  vmbryo.     Each  of  tbe>s«  ■.■niargod  i>pitbclia1  ccUs  is  in 
&ct  a  potential  humai)  tMitifr. 

On  the  fbrmatioD  of  thv  t*^  columns,  by  proliforatioo  of  tlie 
cleeper  Buiface  of  tbo  grrminBl  opitbeliara,  the  primitive  ova  are 
earned  down  into  thnn  in  largi^  ituml)rm.  As  tho  i>gg'ootunina 
p^nrtratc  deeper  and  dwpi'T  into  th*-  ■itibstaneo  of  tht>  ovary, 
they  hKxrniP  hrokcn  up,  by  further  (?roirth  of  the  cooinectiTo 
tissin-,  into  gi-oups  or  nests  of  celts  (FSjf.  171,  J,  e),  each  i««»* 
contAimng  one  or  tnorr  primitive  ora  a»  wull  as  a  or 
indifffrent  t'pitbelial  Cf^ls.      In  tliMi*  nceta  a  ' 
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matuTests  itaelf  for  the  itiDiUler  or  indifferpnt  oella  to  ami 
tlieniaelTes  tvund  thu  primitive  ura,  su  tut  Ui  inclose  thcw  ia 
follicltMS  (T^ig.  171,  d,  «,/).  At  first  there  ntay  be  in  a  siiigle 
Dv«t  Reveral  of  these  follicles,  ixicli  containing;  »  unglv  ovum,  but 
th«  coDtiniied  growth  of  the  conacctirc!  tissue  iitroina  graduallT 
brenkH  up  the  »est«,  ondtcadg  to  i^ulate  the  several  fulliclua  £nuiii 
om-  iiTi'  tlKi-  fanning  arauad  each  of  tlietn  b  aeparat«  connecQvs 

tiSHU*.'       IIU     ..'.'n|.|!I>'|    it . 

At  thti  time  uf  birth  of  liie  infuat,  thtr  atracture  of  the  orart 
is  OS  shown  iu  Fig.  171.  The  germinal  epithelium,  a,  or  8up«T- 
ficiat  luwr  of  columtiur  epitbolial  colls,  is  scparat^^d  from  tlie 
•deeper  Layers  of  tho  ovary,  at  aliiio»t  all  parte,  by  a  thin  lajer 
of  oonnective  tissue,  tht^  tunim  ftlbnginea.  A  little  fU>o{>erdo«ii 
aro  floeu  large  nesta  of  epithelial  c^lU,  formed  by  proliferation 
from  the  deejier  aurface  of  the  gemninat' epithelium,  bat  cut  off 
and  iBolatod  by  growth  of  the  conuoctivc  <i«suv  stroma.  Id 
these  iie^l.s  ei^rtaiu  of  the  cells,  liie  primitive  ova,  an.i  di»- 
tiuguiHhed  by  tlielr  larger  size,  uitd  round  tbeea  the  smaller  celU 
teud  to  arrnnge  thoRiBolTSB  bo  as  to  form  capHu)«e  or  fotticles. 
Iu  the  dcopcr  partH  of  the  ovary  the  vaitcular  conui-ctive  ttaso* 
haa,  by  its  furthtir  growth,  broken  up  tho  nests,  and  »)parat«d 
the  folUcles  tuLiie  or  less  completely  from  one  aDotber. 

Ill  paasiiig  from  the  exterior  towards  tic  deeper  parle  of 
the  ovary,  eucceesire  Rtajves  in  th^  development  of  the  ova  utp 
met  with.  In  the  superficial  Inyer  nf  columnar  epithelial  cells 
tiie  oarlitBt  atugea  ure  aeen ;  certuin  uf  llic-isc  cv:\U,  the  primi- 
tive ova,  being  of  rather  larger  size  than  tlieir  neighbours. 

Benimtb  this  ^luTace  layer  are  large  nects,  iMnnpoMd  of 
epithelial  celln,  which,  except  in  the  larger  size  of  the  primitire 
ova,  differ  but  little  from  one  another,  and  present  no  regolaritr 
of  arr.augoment.  In  the  more  deeply  placed  nests,  the  vv\\g 
ioiTiiedint'ely  adjacent,  to  the  ova  have  arranged  themselves  round 
these  ktter  bo  as  to  form  follicles ;  but  there  are,  iu  such  nests, 
many  cl'IIn  of  iiidifft-rotit  clinraotvr,  whose  ultimate  fata  is  stall 
QQcortain.  Deeper  still,  the  number  of  these  indiflereat  oella  ifi 
greatly  diuiimahed;  and  the  follicleti  arc  larger,  more  clearly 
deBned,  imd  separated  fi-om  one  another  by  connective  tisane 
trahticulo). 

In  audi  a  section,  thercfuro,  aa  in  Fig.  1 7 1 ,  the  most  dee 
situated   ora   are  the  oldest  and  most  ninture,  and   hav 
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'itttjiming  tlieir  juvsi-nt  [xwition.  pn«!t«(l  in  aaooosslon  tliroiiBJi  thr 
scTtral  stages  whit-li  aiv  met  with  in  passing  from  the  8urfni.v 
to  the  deeper  parts  of  the  orary. 

Tht-i  prioiitivc  ov«  on)  tsphericnl  ccll»,  from  0'0&  to  0'07  mm. 
iu  diamfler.  with  grfinnlar  and  mther  ill-defined  nuclei,  luid 
devoid  uf  nuclear  membranes.  Bacli  priniitivtt  ovum  is  iDclosed 
in  a  fo]1icl<<,  consisting  of  a  einj^Ic  layer  of  limall  cnblo&l  or 
fl»tt«iiei]  cpitiialial  mils. 

The  permanent  ova.  About  fhc  timp  tl»r  egg  foltioles  or 
Cttpsulc-s  tvjtiinn'tKV  ti)  fonn  aronnd  tli**  primitive  ova,  tliese 
latter  anderf^  chanjrcs  Ky  wliich  they  become  coDvertM  into 
the  pennanent  ova.  I'riiiiitivc  ova  occur  in  both  seiM,  and  the 
early  stajjfs  in  iho  development  uf  tho  gonitnl  organs  are  die 
same  in  both;  but  the  cliaiige  to  )>erma»mt  ora  oeciire  in  the 
f^mnlp  nnly,  and  marks  tii«  pstablishinpot  of  sexuality. 

'ilie  cliang<%na  iu  other  aniinaU.  chiefly  couoenis  thonncleDfl. 
In  the  primitive  ovum  Ihia  is  uniformly  granular,  with  a  rather 
i]l-4lelini^  outline;  in  the  perm-inimt  o\Tim  it  l>eoome«  conwM^ 
into  s  Bpheriiiil  wsiculiir  body,  of  much  lurgur  «is«  than  Iwfore, 
with  a  sharply  defined  douMe-con toured  wall,  6uid  omtcntA, 
and  A  nncli-ar  reticulum  with  one  or  more  nacloolar  enlarge- 
ments at  the  Dode^. 

Bcjfidvs  th«  changes  in  tlie  nucleus,  tlie  whole  egg  increases 
in  eiKo;  ita  protoplasm,  previously  clear,  becomes  granular;  and 
around  tho  ^gg.  between  it  and  the  follich',  a  thin  elastic  invest- 
ing membrane,  the  sona  radiato,  is  formed. 


Tbe  Onwllao  follicle.  Each  ovum  ig  surroundod  at  first  }jy 
a  single  layer  <pf  celts,  derived,  tike  the  ovum  itself,  from  tlie 
g«Tminn1  epitheliiiin.  ITifse  cell*  an-  nt.  first  flattt-ned,  ImiI  very 
sliortly  l>«conie  cubical  or  columnar  in  shape.  Since  they  lie 
betwetni  the  ovum  and  the  blood-vessels  of  the  ovary,  thennlrient 
matter  tmisl  paew  tlirough  tlu-  rolltciilar  c«tls  in  order  to  rmch 
the  ovnni ;  and  it  \*  pmbnble  that  the«e  cells  do  not  menJjr 
transmit  tbe  fooil.  but  play  some  part  in  elabfirating  it. 

A  seoond  Injer  of  cells  soon  appears  in  each  follicle,  formed, 
as  ia  the  rabbit.  betwMvt  the  originol  layer  and  the  ovum,  and 
]v  eigitully  fin^tle   layer  of  cells 

Cnrtiicr  division,  the  follicle 


454 


THK  HUMAN  tnUBKYO. 


becomes  ficvt>rAl  C(*1Ih  thick.  B^  splitting  apart  of  theM  cclln. 
accoRip&uied  by  rapid  growth  of  the  outer  layer,  a  cavity  is 
fortnod  ill  tlie  thickiu'ss  uf  thv  n'»ll  of  the  follicle  ;  and  thit 
parity,  wliicU  is  tilled  with  fluid,  nipidly  ittcrcasps  in  size,  dividinu 
the  follicle  into  au  oiiltr  wall,  the  tooioa  granitlosa,  aud  od 
iiuier  otic,  or  discus  proligertu,  wbich  immediately  invests  |ju> 
ovain  (>/.  p.  3i!)). 

Thf'  fully  formed  Grnafiiin  follicli'  (r/.  Fig.  133.  gk,  jx  347) 
is  o\'oid  or  eiIip!»oidftl  in  shape:  its  wiills  coumnI  of: — (i)  na 
out*T  invftstinent  of  vascular  connective  lisaue,  derived  from  th*- 
stroma  of  tlie  ovary,  nml  diviBilile  into  a  rather  ill-f1efiii«d  outer 
layei',  the  tuniCA  fibrosa  foUioali  ;  mid  nn  iuriiT  wdl-markcd  layer 
of  fine  comiwlive  tistiii-,  iibiindaiilly  supplied  wiilj  capillary 
blood-\-e8(wlB,  tlw  tnniea  propria  folliculi.  (ii)  Within  this 
latter  ia  tie  tanioa  ^aaulota  (Fig.  133,  gh),  a  tbick  laytr 
of  granular,  >iplifniiil  or  |>oIy^iiul  ci-lb.  At  one  part,  the 
tunica  grniinlosa  i»  tiiucb  thicken<>d,  tVirming  a  n>undiri)i  ixiaae 
projecting  into  the  cavity  of  the  follicle :  and  embedilcd  in  the 
middle  of  this  roundish  intuf^,  or  diaoas  proli^enu,  is  the  o\'um^ 
OW.  'ilw  cclU  iinmediwtflly  siirroumliiiy  tbu  wvrnn  nroditstinclly 
oolamnar  in  ahiipB.  while  the  rt-maining  cells  of  tbe  follicle 
art>  spherical  or  polyK^mal.  The  cavity  of  iha  follicle  in  filled  by 
tJie  watery  liqaor  follicidi. 

In  tho  onrly  staf:;«ti  of  tlioir  fomiation  (Fig.  133)  the  more 
mtiture  tiranfian  folliclos  lie  in  the  dt^c^post  parts  of  the  ovary  : 
but,  0.1  tliey  increaeie  in  mc,  tlicir  growtli  talc«8  ]ihtce  in  all 
directions ;  and  ultimately  the  outer  walls  of  the  follicles  approach 
very  close  to  the  surl'ace  of  the  ov.iry,  or  actually  push  the  sngier- 
ficial  layer  of  opitheliuui  and  connective  tiseue  of  the  ovary 
bpfort!  thtMn,  and  ro  fonn  rounded  etxlcrnal  pi-ojecttous  ou  ite 
8»rfac(«. 

At  lliu  luoett  prominent  part  of  the  ripe  Graafian  folUolc  is  a 
small  gput,  the  hilum  folliooli,  dinLingui«hcd  from  the  rest  of  tlie 
follicle  by  being  devoid  uf  bluoJ-vt't-Kels :  at  this  place,  shortly 
afttir  the  follicle  has  reacUml  itt^  fidl  dinieusioii»,  i.«,  a  dEamgt» 
of  from  rSo  to  4  mm.,  rupture  of  tJie  follicnW  wall  occarx,  and 
th«  ovum,  togi^thor  with  the  liqnor  foIlicuH,  is  dlwharged  ott  the 
surface  ol  the  ovarj-. 

This  rupture  of  the  wall  of  the  Graafian  follicle  ta  doc  in  part 
to  fiitty  degeneration  of  tba  coIIm  compooiiig  the  wall  j  and  in 
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part  to  increased  pressure  ott  Uie  t'olUole,  caused  hy  a  sudden 
iicc^ssioii  of  blood  to  the  ovary. 

The  ripe  OTarUn  oram.  The  ripr  liumiui  ovmn  in  s  splierical 
opU,  About  0-2  mm.  in  diamett>r.  It  consists  of  n  granular  nuies 
of  protopiftoni ;  wiibiu  wbicU  is  a  nucleus,  or  jjenninal  vctticle, 
about  0'0ii>  mm.  in  diameter,  coataiaiiig  a  nuclear  reticulotn 
and  a  con^tpicnouH  nuck'^ilus  or  germinal  spot.  'Ilio  ovum  is 
inveit^'d  by  a  trniis|iar^nt  elastic  in«mbrant<,  tlie  zodk  pellneida, 
which  is  about  UOl  mm.  thick. 

Bach  tirnalinn  follicle,  us  a  rule,  coatoina  only  a  single  ovum  ; 
ill  cxci'ptiouat  cnses  two  om,  and  in  a  fen'  infitance^  tbive,  ba.VB 
b(«n  set^n  in  the  aomc  follicle. 


2.  Tha  Corpaa  LatouiB. 

A<b-r  ibc  (IWImrgu  of  the  m'um,  imp<^)rtunt  changv&  occat  in 
tlio  GraaGiku  fullick-,  leading  to  tJ]t>  foniuition  of  the  body  IcDOfru 
u§  tlif  corpus  lat«am,  which  uocupiv*  and  tUlM  ap  tliu  cavity  of 
th*-  follicb'- 

'llie  oorpiitt  luteuni  is  funned  by  rapid  growth  of  the  wall  of 
thi?  empty  follicle,  which  bL\ximug  t]iix>n-ii  into  mdiat  folds,  prv^ 
jtwtinij^  info  the  cavity  of  the  fulHcle,  nnd  bliK-king  this  np  almost 
oon]plt?t«!ly.  'fha  folding  inv-oIvtv<  both  the  follicular  i-pithciinm 
and  tln,>  connective-tiaaue  wall  of  the  follicle,  but  rhe  latter 
ttdtcs  the  most  active  nlinro  in  tho  pntCM^.  Tho  cliamcleristio 
yellow  colour  of  the  folded  wall,  which  has  given  riM  to  t})e> 
name  corpuf  lut^uni,  is  due  to  large  ituntbers  of  yellon-iah  cvlU, 
derived  apparently  from  tho  connt-otive  tissno  etroma  of  tl»e 
OTS^.  Between  the  two  layers  of  each  of  the  folds,  bloud- 
vi-sacIh  [Ki&a  in  fri'ely ;  and  the  central  cavity  of  the  folbVJc, 
which,  liy  iognjwtb  of  the  radial  folds,  iB  rcduocd  to  an  irre- 
guhirly  stellate  epnoe,  beoonidD  DccQ]>ied  by  a  cicatricial  fibrotu 
tissue,  which  ift  rod  in  ttie  enrty  stagcti.  bnt  in  tlie  later  ones 
become*  gr<iy. 

I'he  Bnbceqaeot  dianges  in  the  corpus  Inteum  difler  con- 
siderably acconiiiig  t<i  whrtber  rhc  u%Tim,  which  ba»  li*pn  dis- 
charged (Wnii  thi>  Ibllioh',  (i)  ie  foriilistHl  nod  <lcrrk>|w  into  an 
embi^u;  or  (u)  ia  not  fenilLwd,  but  dit-a  without  undei^foing 
any  rnnluT  develojnnpnt. 

In  Uio  latter  ca  tbe  corpus 
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Intottm  Bparinm,  ta  it  is  then  called.  increBsee  slightly  in  Btzc  (or^ 
a  few  days  ;  but  ten  or  twelve  days  ftlter  the  discharge  of 
Qvum,  commences  to  shrink,  and  disnppvnnt  complett^Iy  in  n  fcw 
weeks'  timo. 

If.  horever,  the  ovum  that  has  i-iicaped  from  the  foUicIe  i» 
fn-tiliEcd,  oud  gtvett  rise  to  an  embryo,  the  corpus  lut«uni. 
spoken  of  M  corpus  Inteamveruin,  or  corpus  Inteum  of  pregnnncy, 
does  not  roaoh  its  full  dcvolopmeiit  until  two  or  throe  niontfan 
after  thfi  dinchargp  of  tho  o^'am.  It  persists  thiYKighoat  the  j 
part,  or  the  wIkiIm,  of  pi'«>gnancy,  coiitractiug  towards  thp  close  of 
the  peiiiKl  to  a  small  whito  i^t^llati.'  cicatrix,  the  corpus  olbicaDfi. 
which  may  jwraist  for  some  months  after  doliTery. 

The  fully  di_'veloped  corpus  1ut«M)m  vonim,  or  corpus  Infotiin 
of  pregiinncy,  i.t  a  firm  body,  larger  than  the  original   folliole. 
.and  attaiiiing  one-fourth,  or  even  one-third,  the  aire  of  the 
cutira  ovnr>-  {Fig.  255). 

The  presence  of  a  coi'piis  lutenm  remm  in  one  of  the  ovaries 
is  s.  mntt^i'  of  coii^idcmb1i>  niedico-lognl  importance,  itui^inudi 
as  iti  has  bt'cii  apppali-d  to  ls  positive  cridcnoe  of  pn-gminc)- 
hiiving  "cciirrecl;  but  the  best  anthonlies  now  agree  thai  tlwn- 
is  no  infallible  nign  by  which  the  corpus  liiti>uRi  of  prejjnancr 
can  be  distiii^iislipd  from  that  ofthi-  iioii-fcrtiliscd  ovnm.  The 
differences  between  the  two  iire  ehielly  tliose  of  sixe,  and  lenglii 
of  doration,  and  cannot  always  be  relied  oa  in  detemuning 
disputed  casfs.  Tlie  t^rms  '  trnp "  and  '  false,'  as  applied  V)  the 
two  kinds  of  curpura  luica.  appear,  indj.«d,  to  he  erroneous ;  ne , 
the  two  struct.iimt  are  ennentially  similar,  and  in  many 
iiidietiu^nii^hnble  t¥om  eiich  other. 

3.  Omlatioa. 

Frum  tli(^  time  of  puberty,  and  Uuou^'liout  ttio  wliole  of  tli.' 
cbild-hcAring  period  of  lifoi  i.e.  tram  about,  tlic  fifleiTnth  to  nbuiit 
tho  forty-fifth  year,  the  gradual  maturation  of  the  Graa6aii 
foUiclee.  ending  in  rnpture  of  the  follJclea  and  diwhrirgf*  of  iht- 
ova,  is  continually  going  on  ;  and  in  the  healthy  condition  this 
dischai^  of  ova  occurs,  not  in  an  lodefinito  raauuer,  but  At 
rv<;nltir,  and  usually  monthly  intervals,  one  or  more  ova  beii 
set  fi'eB  at  each  period. 

This  periodical  maturntioii  and  di>>cliarge  of  ova  is  epc^en  of 
as  orolation.     It  goes  oii  indeiietidently  of  sexual  intercounn^ 
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or  of  any  kind  of  iDtluencei  trom  tlie  male;  but  it  ie  po^iblu 
tliAt,  as  held  by  many  aathorities,  tbo  dtiwliargLi  of  ova,  though 
in  no  vay  dopcndcnt  on  eoxual  int«rcoan>e,  tnny  ;et  be  hiutomed 
bjf  this. 

4.  BenstmatioD. 

\[<>iistrimtion  i»  the  periiHlical  difcbargi>  from  the  Dt^rus  of 
a  ccrtnia  amount  of  blood,  mixed  with  mucus  from  llie  uteriue 
(f1aiid»,  and  with  epithelial  and  connect ivc-tifisue  celU,  derived 
(rooi  (lti(Jiit«gratioR  of  the  mucous  membrane  of  the  atenu 
iU>elf. 

Thei-e  Is  a  oloae  connection  between  mpnstmatton  and  ovn- 
latton.  Bath  prooMsee  commenci'  at  ptibi?rry,  and  lost  Ihrough- 
oot  the  child-bearing  period.  TTiey  both  recnr  periodically; 
and,  fartlivr  than  thi^,  the  inton-nls  are  tli(«  same,  nnd  the  two 
processes  occur,  as  a  rule,  simnltaneouglr.  The  true  nature 
and  extent  of  the  connection  between  the  tvro  will  be  diitcassed 
after  tlio  nature  of  the  menstrual  [>roouS8  has  been  oousidcred 
more  fully. 

During  the  period  of  pregunnp)',  that  ts,  during  the  whole 
time  that  an  ormn  or  embryo  is  deTelo|>in^  within  the  utems, 
menstniation  ceases,  recommencing  six  or  seven  weeks  after  the 
birth  of  the  child.  The  nonnal  occurrence  of  tlie  menstrual 
periods  nmy  also  be  alTected  hy  a  variety  of  accidenlAl  or 
pathological  conditions,  for  the  consideration  of  which  reference 
mQ«t  be  mode  to  works  dealing  with  obrtetries. 

MensI  ruBtjon,  i.e.  the  actuat  discharge  from  tlie  uterus  of 
blood  and  other  matter?,  is  not  an  isolated  process,  but  U  the 
terminal  net  of  a  series  of  changes,  which  occnr  at  regular 
intvnrols  in  the  walls  of  the  utemft,  and  nf  which  tlie  iiequence  is 
at)  fullovn. 

In  the  qaiesceni  condition  the  uterus  b  lined  by  a  smootli 
tnoootts  Riombmne,  of  n  Mfl,  8pong>'  ooilsi8t«Dee,  and  pale  red 
Goloar.  It  con.'^iHts  nf  a  single  layer  of  eilintcd  epithelial  cells, 
resting  on  a  very  delicate  hnsenieiit  membrane,  beneath  u-bieh 
is  the  connective-tissue  layer  of  the  mncous  membrane,  litis 
latter  is  about  1*5  mm.  in  thickness,  and  consists  of  ooniiectivtt 
tis.'tue,  witli  very  numerous  conncctiTO-tiESUO  colls,  and  travotw,M 
by  irregularly  arranged  muscle  fibrea.  It  is  attached  Ijy  its 
outer  rarfacp  to  the  mu^calor  wall  of  tbe  ut«nis. 
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T!ie  epithelium  Uuinp  the  uterus  is  pittwl  to  ftirm  tin-  ntwim 
glaiiils.  These  (Fig.  1 75)  are  lobular  glaiuU,  rmboddetl  in  large 
iiamborg  la  the  connective-tiwsae  layer  of  Uic  inacou«  mimibnuK, 
vertically  lo  tlie  i  nuer  surface  of  tin-  ii(,>!ru8  j  they  an>  b1  raight.  w 
sliglitlycanvnluted  ;  thflir  blind  urnuterciKls  areue^ually  sligliUj 
dilati^;  mitl  th«;  secrete  a  traiit^pareul,  glulinous,  alkaline  Hutd. 


CluLii^ei  in  themticotu  mambrane  aooompaiiying  menstmatioa. 
These  chaiipf-s  rtunmciiri-  with  coiigciation  and  tiimnrsctiim  of  the 
mucous  nK-mlirniit;  lining  the  entire*  iileru^.  This  eivelt«  np 
ooiisideralily,  becoming  softer  and  tnoi-e  va^al&r  than  befiite, 
nud  foriiiins  ndge-li  ke  folds  which  project  into  the  cavity  of  tlie 
uteruni.  Tit.-  connect  ivo-tissue  vellx  incrcoso  ooD^dcimblj'  in 
nntnher,  mid  tlii>  uterine  glnnds  become  longer,  wider,  and  more 
cuiivolutoit.  Tlie  n-hole  layer  of  niacons  nienilirnne  tDorvasn 
in  thickness  from  I'o  mm.  to  from  S  to  o  mm. ;  while  thr-  glands 
incn-riMj  in  diaiiiett^r  rmm  O'OR  to  012  mm.  Thi:t  t«i-u]leii  noti 
hypertrophied  aiucou«)  momhraHu  forms  what  ia  called  the 
menstrual  decidoa. 

At  i1u'  mi-iistritul  poriod,  the  superficial  layer  of  the  mocone 
inimbrnae,  about  n  fourth  of  the  entire  thickneea,  lireaW  doirn 
and  i»  thrown  oH',  usually  in  detaclu'd  fragmeuts.  but  sometimes, 
in  caeeB  of  dysmenorrhou  niembranact?'a,  ns  a  eiiigle  pieea^ 
forming  a  ooinpletn  cast  of  tho  interior  of  the  utcros.  FWttj 
dcgenei-ation  liiui  been  noticed  in  theiie  east^lf  oelln,  but  only  in 
the  later  stages,  after  the  uieustrual  discharge  lios  actually 
commenced.  ' 

Thiii  dinintegration,  nnd  casting  off.  involvt**  the  loea  of 
the  epitht-Iiul  liuiiig  of  the  uterine  cavity,  of  the  raunths  of  the 
utei-ino  glands,  and  also  of  about  one-fouirl.h  of  the  entire  thick- 
neeaof  tlie  swollen  mucous  monibrono.  It  of  necessity  eauaai 
rupture  of  thi-  bioud-rt^iSiiela  of  the  di^toched  ptjrliunii,  and  so  occa^ 
siuus  more  or  leits  free  hiumoirhogo ;  and  the  blood  «odiA:haTgBd, 
togelJier  with  the  broken-down  mucous  membrane  of  tli<«  atf^rus, 
and  with  n  certitin  nniouiit  of  mucus  from  the  nlerioe  glands. 
forms  tho  meiiatruul  or  outameniul  flow. 

The  inenstriial  How  lasts,  as  n  rule,  from  three  to  lu'c  darB, 
but  may  be  protracted  for  n  week  or  more.  It  is  occouipunied 
by  nervous  und  other  diHturbancru,  whioli  lire  fully  de»:rtlied  in 
workfl  on  obstetrics. 
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At  cfae  commencfuiODt  of  a  ix^riod,  tJte  incnst<rnal  discliarge 
IB  Tificous,  consitttliig  1ni^>lv  of  mucug  froni  t1i6  ut«r!u«  gland*, 
Hlightly  tinged  with  blood  ;  iti  tJir  middle  of  tlie  period  tlie  Bow 
bfCoiueK  nbiiost  pure  blood  ;  while  tui^-aixls  tlie  fliid  it  beconi«« 
puler,  ibe  mucns  again  prvjwndcruting.  Owing  tu  mixtare  with 
tliL-  titcriiif  mucus,  tlw  blood  of  tin-  iii«'n«truid  ilnvt  dm-n  not  conga- 
late.  The  total  iiraoaiit  cif  tbe  Dicnslrual  dittchBrgn  is  UHunlly 
from  four  to  ttix  ounceit ;  but  tliis  may  be  widely  depni-teil  rmm 
in  individnal  cos^t^,  «ithi.-r  in  tli^-  wny  of  dimiDUtioii  or  of  excels. 

On  tho  ce«i«at.ioo  of  t)i«  menKtmal  llow,  tJio  uterine  oiiithclium 
is  very  quickly  re^ierated,  ^rendiug  m-er  dio  nirfacc  frum  the 
nt^ka  of  the  uit-nne  glands.  It  ia  completely  reformeal  nitltin 
tlim'  or  four  <lnys  of  thr  vnd  of  tJie  Rx-nstrunl  period.  Aii^r 
thiH  re-eatnblitdimetit  of  the  uleriac  inncoos  meinbrniie,  the 
ntenis  RinaiiiB  in  a  quiescent  coiidittoii  for  from  ten  Juya  tn  a 
fortnight :  at  the  end  of  this  time  it  begins  to  awell  again,  and 
the  nieni^tTUftl  pi<oci>s»  is  repmitiwl.  This  repetjtjoii  occurs,  as 
already  noticed,  at  inti-rvuli',  usually  of  four  wi-vkii,  tbrcmghout 
tlir>  wliolv  rhild-ln*iiriiig  [wriiKl ;  the  only  normal  disturbing 
olement  being  gestation,  during;  nhi«b  menstruatinn  is  in 
abpyance,  i-econimeiicing  a  slmrt  tini<^af)«r  the  birth  of  ibe  child. 

5.  Expltnmtion  of  the  Veaitrual  Process. 

The  complete  meiistriiAl  cycle,  occupying  iu  typicml  casm 
twcnty-*'ight  days,  may  bo  dividwl  iiil^i  lour  Btfigw,  wrhidi 
follow  one  uiiolher  in  rttgitW  M^pienoe. 

(i)  The  first  or  eOBitractive  stage  i£  cbaractcriiu-d  liy  swelling 
of  the  mucous  nifmbrane,  i-nUrguiuerit  of  ihtr  ulrrtiie  glnndti, 
and  increase  in  tin-  cotit)ectir(>-tiKfiue  cells  of  the  niucoua  mem- 
bmne;  it  resntU  in  the  formation  of  a  niertstmal  dccidua,  lining 
Utu  cntiiv  ut<.Tu^. 

(ii)  TKa second ordeetrnotire  stage includt^wliai  i>  onlinorily 
Lnown  af  tW  inenslrual  or  cutoiimniHl  jiLTM'd.     It  is  marked  by 
abundant  discharge  of  inucua  : 
ibe  dieinlegratioR  and  d'la 
layer  of  the  muoooa  mtmibmn--.    It  mVuV- 
lining  nf  the  areruaand  oftbvna.'ckjiiiftli''  ^  j\ 
I       pIuut^d  by  bainorrhiif^. 
^H        (iii)  The  stage   of  r^ 
^^Kntamii  is  recovering  frtiui 


[lands,  and  by 
'Of  tlu'   inner 
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opit.hflium  'm  re«tored,  by  growth  from  thfi  lipe  of  tlie  dM{ 
parts  of  tlie  uterine  glands ;  and  the  iovplliiig'  of  tlw.  m 
nenibraDo  suWdes. 

(iv)  Tha foortli atage  i»  t1iep«nod  of  qoietMBM,  daring  vrbic^ 
the  uturuK.  Laviui;  r^guiiicd  its  iiai-miLl  structure,  i-emains  vttib- 
OQt  farther  change  antil  tb«  oommencemont  of  tbe  nest  soe- 
cocding  coDStruct.ive  stago. 

The  actna]  and  relative  dumtiuas  of  tbe  several  stages 
eDumerated  above  are  not  determined  with  certainty,  and  are 
su)>JE>ct  to  individual  rartations.  It  will,  pt-rlmps,  l>e  rif;1it  to 
a.<i.<4ign  about  a  week  to  the  conatrnrti^'ft  stage  ;  rather  le^s  thaa 
a  week  (five  dara  ou  an  arernge)  to  tJie  deatructive  stage  :  time 
or  four  days  to  tlw  stage  of  repair;  andtwelveor  fourteeo  dayato 
the  quieecent  period  ;  tho  four  xtngos  togother  occupying  thr 
twentj'-f^ight  days  which  make  np  the  normal  loentitmal  cyclff. 

Of  the  above  fuur  stages,  the  first  iiad  second  require  furtha* 
attention;  iho  fourth  stage  is  the  normid  OLnidiliun  :  and  the 
third  stage  is  incroly  the  return  of  the  uterus  to  tbe  normal  oon- 
dition  afVicr  a  pcritnl  nf  ilisturtanco, 

Oonoemintf  llii?  fii-sl  or  conatrnrtive  period,  there  ia  hai^Iy 
any  room  for  doubt  that  it  is  to  k(>  regard<>d  as  a  preparation  on 
tJie  part  of  the  uter«st  for  the  reception  of  an  nrum. 

Tbe  several  stages  of  tbe  process  oom-spond  closely,  in 
e^xentinl  rrspect^,  ivith  those  that  occur  in  the  placental  lobcn  nt 
the  rabbit's  uterus  from  about,  tbe  funrlb  to  tbe  eighth  day.  In 
the  rabbit,  as  in  the  liuiiian  uterus,  there  occur  swell  iug  of  the 
macouit  and  eubmueous  tissueti,  increased  x-asouhmtyt  n  large 
increase  in  the  nuinber  of  the  i-onriective-tissup  cells,  and  a  great 
enlargement  of  the  iiteriue  glands,  wbicb  becoine  largt^r,  wider, 
atid  more  freely  branched.  These  changes,  in  the  rabbit's  ut«nis, 
are  clearly  relftted  to  the  nutrition  of  the  embri-o.  for  it  i«to  this 
hypcrlropliicd  and  muditied  arm  uf  tlie  uterine  mucoua  mcui  brane 
that  tbe  embryo  becomes  attached  on  the  eiglith  day ;  aai.  it  in 
from  this  area  thni  Ihe  maternnl  part  of  the  placenta  is  formed. 

The  most  important  ditferenee  between  the  rabbit'si  and  iIm* 
huniiu)  uterus,  a«  regards  thivc  Ktiij^es.  is  timt  in  the  rabhit  the 
ovum,  or  ratlier  the  bUiatodi'iTiuc  vesicle,  is  presient  ivithin  tbv 
utcrae  durinjj  tliL^  whole  of  tlit-  ivrlas  of  changes,  although' 
qnitA  IVeely  uml  dnci  not  acquire  attachment  nntil  tbi 
day;  while  in  the  human  uterus,  on  tlie  other  hand,  ' 
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sLtuaI  constructive  procefis  gees  on  fritboat  tbestiniDliuaBcirded 
by  the  preBonce  of  on  ovum. 

As  regards  the  ni^tuat  changes  in  Oie  ureruH  itself,  tlie 
reMonblauce  bel.wi'eti  llie  two  ciu«ee  ia  so  great  t-bab  it  seciii^  nooeft> 
SAiy  to  suppose  tbat  tlwir  significauce  in  Hw  same  ;  and  it  must, 
th4>ivfow.  1>?  concluded  that  the  huiuan  untus  periodically  pre- 
pares it«i*ir,  by  the  formation  ofn  decidual  lining,  for  Ili*>  mceptton 
of  an  ovam ;  t^c  proceaa  oocurring  at  moutldy  tuter\'alB  througb- 
oot  tbe  child-bearing  period,  and  quit«  irrospectirely  of  tit« 
presouce  or  arrival  of  a  fertiHBad  ovum. 

The  second  or  destructive  ttage,  couKtitutiag  the  act  of 
menHtruatioii  iu  the  ordinary  sense  of  the  term,  is  uiucb  more 
difficult  to  explain.  At  first  sight  it  appears  to  consist  simply 
iu  a  rapid,  and  tiomevrhat  violont,  nndoing  of  the  vork  accoin- 
pli)iihcd  in  the  ]ireo*'diiig  sti^^e. 

If,  Lowi>ver.  it  is  compared  with  tho  change*  that  take  plac« 
in  the  rabbit's  nterus  during  geslatlon,  it  is  found  that  Ui« 
human  uterus  at  the  end  of  tho  conytructive  peii^  of  meastrua- 
tiun  has  n^'Aclied  ik  staj^  correaponding  Ui  that  of  a  rabbit's 
at«ni«  at  the  end  of  tho  sevoutli  or  beginning  uf  the  eighth  day 
of  pregnancy,  when  the  blaetod<rrmic  vesicle  is  still  lying  fredy 
within  the  uterus,  but  is  jnst  nboat  to  acquire  its  attachtnout. 

In  tho  rabbit  this  attachment  ia  effected,  early  on  the  eightli 
day,  by  fntiioa  of  lite  wull  uf  the  blastudemiic  vrnclv  with  th» 
cpitliuliuiu  of  the  inodiSc-d  and  hypertjt^phied  placental  lobes  of 
the  uteras  (I'ig.  169).  This  fasion  is  immediately  followed,  or 
irather  is  ncoompanied,  by  degencmitive  changes  in  the  uterine 
mucous  membrane  opposite  the  area  of  ottachmrnt,  wbJcb 
rapidlv  lead  to  absorption  of  tho  uterine  epithelium,  and  of  the 
mouths  and  necks  of  tho  uterine  glands. 

Similar  changes  occur  during  the  funnation  of  thu  human 
placenta,  and  will  1«  described  in  the  concluding  section  of  this 
chapter;  and  inasmuch  as  tho  portion  of  the  n-all  of  the  uterus 
which  is  concerned  in  tJie  chnngen  is  the  i<ame  iu  meustruutiou 
and  in  pregnancy,  tho  nien»trunl  d!er)iitrgi-  luay  be  ricn-ed,  not 
merely  am  a  destructive  process,  but  as  corre^'pondiug  in  a  modi- 
fied form  to  the  rapid  ubttorptiot]  of  the  Muue  parU  wfaicli  occurs 

tatfW»lP«ah|lai    <tnv»iBtrv    '^ '^'^ ^1t Sk&OT* 

Ui'j'-  of  nieiutniationf  and,  as  just  ae«D, 
II.  limy  be  regarded  as  phases  in  tha 
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piv'pnnition  nf  the  uteroB  for  the  fornintion  of  a  plac^nUi ;  stages 
whicli  am  be  carrii-d  tip  to  n  certain  puini  without  needing'  tlii! 
Btiiuulua  of  the-  prescncw  of  an  ovum  or  embrj-o.  tut  wfeiclc, 
baring  P6Ach«3  «  pflinlr  at  which  further  d<>velopmfrnt  is  iuip«- 
sible  withttut  an  i-mhrj-o,  stop  abruptly.  The  oonstruct,ire  stagv 
IlM  been  sliowu  to  W  an  ad  ive  prcpai-ation  of  tte  utenui  for  the 
reception  of  a  fertilisoct  ovtim  ;  thv  mcxticdinf;  or  dc^tnictjrv 
stage  is  imt  to  be  regarded  as  a  iiiiiiple  undoing  of  this  prepi- 
rotiim,  but  a;;  n  furthi-r  continiiauoe,  in  a  mutltfiixl  fnmi,  of  th* 
act  of  preparation,  wliich  leaves  the  atema  in  a  eondition  m 
which,  for  fiirt.hiL>ri.*1aborn.tioD  to  occur,  the  presence  of  an  emhf7o_ 
iH  indispcnsaljle. 

G.  Tbe  Coimection  between  Ovulation  and  Meutruation. 

Ovnhition  luid  menstruation,  or  the  discharge  of  ova  from  thr 
ovaiy,  and  of  the  disinlp^rated  decidua  from  the  uterus,  art 
processes  wliich  occur  periodically,  aiid  as  a  rule  ^iniultanooaslf ; 
and  it  becomes  a  matter  of  interest  to  inqnire  into  tbu  nnltire  of 
the  ooiinection  bctwwn  them. 

Tlu'ovariea  swell  up,  and  become  tender,  at  monthly  interTals, 
The  enbirgeiiieut  commences,  as  a  rule,  a  few  days  bL'fore  tbe 
metistnial  pi^riod,  attains  ita  raaxininni  about  tlte  time  of  the 
period,  and  gradually  siibsldt-w  nt>er  t\w.  pt-rifxl  is  over. 

Ai  t.he  oviuy  is  known  to  become  congested  just  before  tbe 
rupture  of  u  GraaBaii  follicle  and  the  discharjE^  of  an  ovum,  it 
appears  a  fair  infurence  that  this  discharge  occure  about  the 
same  time  atf  the  menstrual  flow,  i.6.  tliat  ovnlation  and  men- 
Stmtition  arfl  practically  simultaiieous.  However,  Hltb<>iif;h 
this  may  be,  and  pi-obably  is,  tbe  rule,  yet  it  ia  fur  from  being 
an  invariable  one.  Thus  KOUiker,  on  examining  the  o\-ariett  of 
seven  women  who  had  died  directly  after  menstniation,  found 
that  in  two  of  tbe  caijca  there  ynn  no  fivah  oorpRii  luteoin 
in  eithei'  ovary ;  that  is,  that  uo  ovum  bad  been  discliarged 
at  the  time  of  menstnintioii ;  and  Coste  has  cited  aimilar 
instance;). 

Ovulation  and  mentttruation  may  be  a^iiunaed  to  ccciU' asA 
rule  about  the  same  time,  but  it  is  by  no  tneaus  cK>or  wbat  is 
the  precine  iiatut-e  of  the  connection  between  the  two  proct<asee. 
Authorities  differ  as  to  tho  stage  iu  the  menstrual  period  at 
which  ovulation  occurs,  the  majority  holding  that  it  takes  plaoti 
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two  or  throe  days  l>ofi>re  ihe  commencement  of  die  period, 
wltilo  others  nuuntnin  that  it  ttoppoiu  nt  th«  tniddb,  or  cren 
towards  the  «iul,  of  tlie  p<'riod.  It  i»  very  iwAsible  thiit  there  is 
00  00D8tAn07  in  tliia  particulnr  n«pt«t. 

A  etill  moi-e  difficult  point  nsmains  to  be  considered.  Tlie 
i»eti6t.riial  d^cithia  tit  to  bn  viewpf)  n»  a  prppnration  on  the  pott 
vi  till.-  ulcTus  Ibr  thi:  rt^ccptiua  of  oji  ovum;  but  It  bos  still  to 
be  doteniiiiuK)  wbetbni'  tlie  ctectdua  which  is  brolceji  up  and 
discharged  at  a  gircii  lueiistrual  period  ia  tbo  one  preparixl  for 
Uieorum  which  ia  ei^t  IWe  fipom  the  ovary  at  tho  same  period,  or 
for  on  ovum  liberated  at  Kotnu  prcvioas  ontubscquont  period. 
The  qi](>8tioa  ii  ono  of  ^reat  importanop.  ns  thn  niAanH  ord«t4>r- 
tniniug  tlieage  of  hniiian  embr^oa  are  \eryf  muturiully  aifectMl 
by  tbe  answer  given  to  it. 

Th(' nn-iiMtrual  cycU-  \in»  l>e«n  wi^n  to  consiat  eMwitially  in 
a  periodically  recurring  pri'jjaration  of  the  utemii  for  the  n*cep- 
tioa  of  nu  oviitn.  It  13  importuut  to  detertaiue.  if  ponmible,  at 
wbafc  puticulni'  phase  of  thu  cycle,  tlie  iitoruB  is  in  the  oonditlott 
most  favoomble  for  the  reci'ption  of  an  o^Tim.  Verj-  different 
views  have  been  exprt-Bscd  on  this  point,  aod  two  of  these  call 
(or  special  notice. 

(i)  Tluit  the  end  of  the  constructive  period  is  the  natural 
and  moat  faroarable  nioiuent  for  the  ornm  to  enter  the  utertu. 

(ii)  That  the  period  of  qniescence  i«  the  most  Invoumblo 
time. 

In  snpport  of  the  former  view,  it  is  nr^  that  the  forntation 
of  the  decidua  is  uiiintelligiblo  except  on  the  Bnppoeition  that  it 
is  a  pri-fwration  for  tJie  reception  of  tlie  ovum  ;  and  that  the 
onalotry  of  the  mbbit's  uterus,  in  which  the  seqoence  of  chanf^ 
is  filrikingly  similar,  is  in  favour  of  the  end  of  the  ootutructive 
period,  or  perha]is  the  conimenccmcnt  of  the  destructive  period, 
being  the  one  Bpoeiallr  oonoemed  with  the  firntion  of  the  ornm 
to  ths  wall  of  the  ulerns. 

It  mmt  be  noticed,  however,  that  if  the  normal  time  of 
attaclinirni  to  the  uterus  ia,  in  the  human  ovum,  the  end  of  the 
oonstructivo  period,  i^.  tlie  commencement  of  the  menstrua) 
iod,  then  it  is  clear  tiuit  the  ovum  which  is  to  be  attached 
anot  be  the  one  diadiarged  from  the  ovary  at  the  same  period. 
For  the  diHchar^>  of  tlie  ovum  is  pmcticnlly  coincident  with  the 
onset  of  the  menstrunl  period  ;  and  the  ovnni, 
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•m-ary,  lias  still,  in  onl^r  to  reach  the  ut«ru8,  to  travel  along  the 
entire  Iciigili  of  tli«  Pullopian  tube,  a  postMigi;  which  is  known 
to  take  three  days  in  the  rabhit,  and  eight  t«  t«ii  d&y^  in  the 
Aog,  and  which  in  all  prtibahility  takes  at  least  a  week  in  tfc* 
human  apedw.  It  foLlon's  that  the  deciduB  which  is  diachoi^ed 
at  a  given  laenstninl  jinriiHl  cannot  havi*  heoii  jm^innrd  lit 
the  ovum  diauharged  at  the  same  period,  hut  rnuttt  be  the  pre- 
jiuiatioii  for  t'he  ovum  ^hicii  was  discharged  at  the  prmrediiig 
mcnstrtial  pcnod. 

The  flpcond  view,  that  tha  period  cf  qni«gocnce  in  the 
meuatruul  cycle  13  the  moat  favourable  liint-  for  the  entrimcw  of 
the  ovum  iut»  the  uterus,  leads  to  the  same  conclusion,  ina&- 
mudi  as  the  only  ovum  wliicii  could  r<?«ch  the  uteris  during 
the  quieswtit  stage  is  the  otie  dhichargvd  at  the  previous 
iiienstrual  period. 

3u  favour  of  this  second  view,  that  the  (juieecent  period  n 
the  mensti'ual  cycle  is  the  most  fovonrable  time  for  the  ovum  to 
enter  thu  utcru:*,  Ihu  fuUuwing  considemlioiui  may  be  orgeil. 

(it)  A  much  fp-eater  range  of  time  is  given,  within  whicli 
the  nterus  is  ready  for  thi^  reception  of  an  ovum.  'Vhe  r|uie«ceat 
period  is  t}ie  longest  of  the  four  stages  which  compose  the  men- 
strual cyole,  lasting  from  twelve  to  fourteen  days ;  while,  on  the 
view  tliat  the  complotion  of  the  cODStnictivo  process  marks  tb« 
time  at  wbicli  the  uterus  is  bast  fitted  to  rew-ive  nil  orum,  the 
range  of  time  is  limited  to  two  or  thi-ee  days  at  laoet ;  and  the 
lunger  jieriod  is  more  ui  accordance  with  wbat  ia  known  of  the 
range  of  time  within  which  conception  may  occar. 

(h)  The  stages  in  the  formation  of  tlic  menetraal  decidui 
have  hei-ii  compared,  ahtive,  with  the  changos  which  occnr  in  the 
ut«niB  of  a  rabbit,  from  thy  fourth  to  the  seventh  or  eighth  day 
of  pregnane}- ;  and  the  cloati  similarity  between  the  two  cases  hu 
hacn  lusiKtvd  on.  It  should  now  be  noticed  that  these  changai 
in  the  rabhit  occur  after  the  entrance  of  tlie  oreni  into  the 
Dt^rus;  i.e.  that  in  the  rabbit  the  ovum  eDt«rs  the  uterus  while 
this  latter  is  in  the  quiescent  stage. 

Keither  of  the  above  argnmentn  h  at  all  conclusive,  and  the 
question  is  stiU  an  open  one.  It  must  be  repeated,  however, 
that  if  eitlier  of  these  viewa  ia  correct,  the  aamo  conclusion 
follows  with  regard  to  the  relution  between  ovulation  and  men- 
iitruatioQ,  viz.  Diiit  the  decidoa  of  a  partioalar  menitraal  period 


CONNECTION'  BBTWKKS  orCUTlOS  AND  MES.sTRl'ATION,  4C« 

ii  reUUd.  not  to  the  ernin  disohorged  At  that  p«riod,  bat  to  the 
oTum  diaoharged  at  the  preceding  period. 

It  follows  that  there  ie  no  nixn-Ksary  connectioo  betireem 
ov'iilntiori  and  tbe  occurrence  oF  the  metwtrnnl  flow;  n  point 
which  h«]pg  Ut  explain  tlie  casts  quotty]  by  Kullik^r,  (>i3t«,  and 
otbeTii,  in  wliicti  then  was  no  diwharge  of  oru  at  the  tinu  of 
tnniHtruatioii. 

Thti  fact  that  th«  two  prooenm,  ontlntion  and  mcnAtmiilion, 
oocnr  normally  at  or  abont  the  same  time,  may  nerhiipui  be 
explained  by  thv  cunsidt-rntion  that  at  the  time  uf  ovutalioa 
thrTi-  i»  vi^ry  oouftitlerahle  enngt-stion  of  Ihe  ovaries  and  Fal- 
lopian tubes;  and  thill,  owing  lo  the  fraeoommunication  between 
the  orarian  and  ulvrinn  art4>ri<^,  niunt  nlmosl  iic-ce'tworilv  cansr 
oofigMtion  nf  thn  ntfni» :  mid  tliti'  <l4tt4*nni nation  of  blooil  to 
tbe  \argf  and  ihin-wall^  vessoU  of  the  decidaa  in  probably  an 
iiniKirianl  factor  in  causinff  the  mMistmal  hiemorrhage. 

7.  The  Duration  of  Fregnajicr. 

lUoch  has  been  written  on  Iliin  point,  and  many  riabomte 
tabtea  have  been  compiled  from  which  it  appean : 

(i)  That  there  ia  no  absolntely  fixed  porioil  of  ^^atioa. 

(ii)  Tlint  thorp  in  no  means  of  detnnnininf?  witti  cerfnintj" 
ttie  commencomenl  of  gcctotion,  aa  the  precise  time  of  fertilisa- 
tion of  the  ovnn)  cannot  be  aacertaiued. 

It  is  cnstomarT,'  to  calrulntv  t\iiy  duration  of  pregnancy  from 
the  last  oocurrtn^  tneni^trual  period ;  and  this,  if  the  argnment 
'  gtren  abore  i»  corrert,  will  cerreepotid  with  tli'.'  diwharge,  IVoni 
the  ovary,  of  the  ovum  from  which  the  child  in  ib-vt^Ioji^l.  The 
most  reliable  u^tjni&tea  indicates  normal  dumtion  nf  prejniaooy. 
dating  fh>ni  the  last  occurring  meQetroal  period,  of  270  to  280 
dava.  This  is.  Itowever,  ectimntcd  bv  some  nuthorities  from  the 
first  day  of  tha  period;  by  otlusm,  and  more  m^uully,  from  the 
last  day. 

It  IB  pn&sible  that  the  actual  limits,  in  itonnni  pref^ancr,  are 
not  fio  widt?  ns  iiidiealcid  above.  Apart  from  the  difficalty  of 
determining  the  date  of  fcrliliivtirtn,  tbe  ohiof  caaaeH  of  anoer- 
tainty  ariw  from  onr  ipnorance  of  tho  length  of  time  during 
which  til**  ova  and  iipeniiatozca  retain  their  vital  actirity,  afl-r 
leaving  the  ovary  and  testis  respectively. 

u  " 
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Uonct^niing  tlie  Bpermiitoxoa,  wft  li»ve  very  little  preeia* 
knowledgo.  It  is  kno^\'Q  tbut  spcmistoifuu,  iiitruduced  into  the 
VBgitifk,  iiiuy  retAJii  tli<-irvitality,  aiid  preitmnabiy  tlic^lr  IVrtiliainj; 
powpr  a»  wt'll,  fur  a  week  ;  and  tito  fact  that  Bucce»>iiful  impiv^- 
nation  may  (KMiur  at  nny  lirat'  in  the  tiiunstmii]  cycles  stireugth- 
PtiL-il  hy  thii  niialogy  uf  urWr  animaU,  i^aggCft*  that  hDiiiiui 
Apermatozoa  may  retain  their  pow^r  for  coneiderahly  luugi» 
periods.  It  is  stated  thnt  ripe  spermatozoa  may  remain  for 
moiitlis  ill  tlie  k-stis  before  being  discharged,  without  losing 
their  Tert  ilisinp  power. 

Tlit^'  time  taken  by  the  i^permAtozoa  to  travel  aloQjr  1h^ 
vagina,  utt-ruH,  aiid  Fallopiim  tube  to  the  orury,  is  not  knomi. 
but,  is  [irobably  v>tv  .ihort;  in  tlie  rabbit  it  doea  Dot  oocopj' 
inor>>  than  a  quarter  of  an  hour  to  two  lioiirs. 


If  the  ovum  is  not  fertilised  it  soon  dies.  How  Iodr  an 
ovtim  may  rMtaiu  its  vitality,  and  capacity  for  fertil  i.<atioti,  is  ntrt 
kiiowu ;  indeed,  do  uiifeitilised  human  ovnm  hag  y^t  been  »ea, 
outside  the  ovary.  Some  experiments  of  Biechoff,  on  lower 
Mammals,  point  to  thv  conclutsioii  that,  in  them,  i  ho  ovum,  tf  not 
t'erlUisod,  dies  in  the  lower  part  of  tlie  Fallopian  tube,  IjefnTv 
nrueliin^  t)iii  iiIeiuB.  Assuming  thnt  the  human  ovnta  also  dit^ 
shortly  before  rencUinp  the  uterus  ;  and  »aBumiDg  further,  as  is 
done  by  most  aatboriric»,  that  t<h«  human  ovum  tAk«s  at  loafi 
eight  days  to  travel  down  tho  Fidlopian  tube,  it  may  be  •ititted 
that  the  human  ovum  pr<.>bably  retains  itit  vitality,  and  powi-r 
of  being  fertilised,  for  some  time,  perhaps  a  week,  after  discharge 
from  the  ovary ;  but  nltiniat«ly  loses  it,  pi-obnbly  before  rc-acbing 
the  utiTUS.  This  ih,  huwevcr,  at  presontlittle  more  thmi  specu- 
lation. 

If  the  above  considemtions  prove  w*>!l  founded,  and  if, 
Huggest'cd  al)ovc,  the  length  of  time  during  which  an  ov 
roinititiK  alive  and  fvrtilisublo,  nfV'rr  leaving  tJte  ovary,  is  less 
than  the  interval  betwean  two  aucce*s«ive  periods  of  ovulation,  it 
will  follow  tluit  theru  intist  be  ctrtain  times  during  which  tlwro 
are  ova  ready  to  be  fertiliaed,  and  certain  times  daring  which 
there  an-  none;  i.e.  that  fcrliliention  can  only  ht^  eflfected  at 
«ertuiu  recurring  periodii,  and  cannot  occur  in  the  intnral* 
between  these  periods. 

Concerning  the  respective  lengths  of  these  periods  we  haw 
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noMrtain  knowlodgo,  but  it  ia  commonly  liuM  tliat  tlie  mtervnU 
daring  which  tliere  aro  no  ova  capable  of  lietn^  ferttlUed  aro  at 
I'-Oitl  luf  long  M  t1)«  periods  in  wliich  there  are  HQch  ova.  In 
other  worda,  assiiniuig  tKftt  tho  ova  diiiohargiH]  at  n  giv«ii  iiion- 
sLruttl  period  retain  their  vitality  for  from  teu  to  fourlwn  duj-B 
— a  puru  BSDUmptioo — tbvru  vruald  be  nn  interval  of  aboat  two 
weoks  before  the  next  lueostnia!  ]>eri<xl,  un.  befoiv  the  next  dis- 
charge of  ova,  and  during  tliis  interval  iLero  wouM  bo  no  ferti- 
lisuble  ova  in  the  oviduct,  and  fbrtitiaation  could  not  take  place. 
Any  aperiiiiitouta  ntntivod  during^  this  inten-nl  would  have  to 
wait  until  its  close,  nt  the  nt?xt  period  of  ovulation,  beforB  th«y 
liod  a  chance  of  mveting  villi  ova  capable  of  lieing  fertilisud. 


Thero  ei^t-mn  to  be  a  gt-'neral  codwohos  of  opiaioii  that  tba 
first  day  or  days  aft<>r  the  oMuation  of  the  meDstnial  period  are 
the  moKt  fnvourible  time  for  fertili^ition  to  tal:t>  placr.  'Hiis  ia 
ia  oomplete  accordance  wlUi  what  has  been  !>aid  above,  both 
with  r»frartl  to  tho  oviini  and  the  ducidua,  for  the  ovum  will  be 
lying  witJi ill  the  Fatlopiaa  tnbu  in  a  healthy  fertilicuible  coiiili- 
lion  luid  eajtily  accessible  tu  tlic  ajwrmatOMW ;  while  if  tbe  ovum 
tafcei  another  week  or  so  to  travel  down  tbe  tnlw  to  the  uterus  it 
will  enter  this  Utter  while  it  ia  in  the  qiiiescont  state,  which,  it  has 
bccrt  Hbavra  above,  there  ia  rawoo  for  regarding  as  tbe  most 
favourabli;  one  for  the  rect^ptiou  of  tbe  uvuui. 

8.  Ettimatioa  of  the  Ag«  of  Homaa  Embryos. 

It  follows  from  what  baa  l>oen  aaid  above,  tliat  tbero  is  ao 
ineatM  of  determining  witli  certainty  the  age  of  a  human 
embfyo  iwematurcly  diBchurgi-d  from  the  uterus ;  for  develop- 
ment dates,  not  from  the  diacbarge  of  the  ovnm  firom  tbe  ovary, 
iKit  from  the  moment  of  fcrtiliiwtion ;  and  tfaia  latter  oamiot  Iw 
delcnninetl. 

Ovulatiuu  ia  a  pnxMSis  easily  overlooked,  but  the  fact  that  it 
oeotu*  fiiitiullaiieoiiidy  with  the  oietuitrunl  periods  renders  ita 
date  readdy  detenniuabl^,  but  within  certain  limit«  only.  The 
connection  lietween  the  two  proceasce  is  a  loose  one,  and  it  is 
probable  that  ovulatiun  may  wccur  either  from  two  to  three  days 
before  a  menstroal  period,  or  dun-  '     ""ving  a  pos- 

sible error  of  about  a  weak  '  'Tyo 

from  tliv  date  of  uenstn 
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I'rof«s£or  His,  in  the  lirst  purt  of  bis  uiouognipii  on  tlr« 
development  of  ihe  buinaD  embryo,  laid  down  tlie  followini; 
rul«: — 

'  The  &ff^  of  an  embryo  i»  tlie  time  that  has  elnpfted  bidw 
tbe  firsf  day  of  the  first  omitted  period.' 

Tliue,  sappo&ing  th«  coi iirooncuinciit  of  »  mrtistraal  pcriijd 
to  be  due  on  Jantinry  5.  nnd  tli&t  wlien  this  time  comt>s,  fho  |>^nail 
jg  omitted  ;  but  that  at  Bome  aubsequwit  time,  say  Februan.-  9. 
ao  cmbrj'o  is  aborted ;  tlien,  according  to  Profeesor  H  is"  rule, 
the  afre  of  tlie  embryo  would  be  tlie  iiittTii'ftl  between  Jaauarv  5 
and  February  9,  i.ii.  thirty-five  days. 

In  arriving  ut  this  result,  I'rofeesor  Hia  argaes  in  the  fullotr- 
ing  niumier:  The  ovnra  leave*  the  ovaiy  citli«r  at,  or  nliortl) 
before,  tho  menstrua)  period ;  if  it  is  fertilised,  preromably  U 
spennatriKoa  prcrionsly  introduced,  mcnutniatioii  dora  not  occur; 
but  tliu  chnnj^HH  in  the  uterine  iiiuciHis  membrane,  itiict«t)d  of,  Hf 
usiiiil,  becoiniiig  retrtigressivo,  eith*-r  rcniain  stationary  or  i-l*" 
continue  to  be  proj^ssive ;  and  so  prepare  the  utturuB  for  the 
reception  of  llie  ovam.  Hc-ncc  ihr  first  omittod  menstmnl 
period  oorrcatponds  in  point  of  time  with  the  fertilii'ntion  of  tho 
ovam ;  and  hence  tlie  a^  of  the  cinln-yo  may  be  tnketi  u  tliP 
tiuie  tliut  has  elapsed  since  the  first  omitted  period. 

This  method  of  calculation  is,  however,  opf>n  to  very  gtav? 
objections,  the  more  important  of  which  An>  m  fi^lowg : — 

(i)  There  are  strong  reason*,  which  have  been  fully  mn- 
sldered  in  tbe  previous  portion  of  tliis  chapter,  for  reg&nUug 
the  decidun  which  is  broken  np  nnd  dixchargrd  at  a  menstnial 
period  to  hn  related,  not  to  the  ovTim  discharged  from  tlip 
orary  at  tbe  Banie  period,  but  to  the  ovum  diSi^uugcd  at  tbr 
preceding  pejiod. 

(ii)  ]'rof«99or  Hif'  riile  H.<n*iime8  that  the  ovnm  is  invariably 
fertilised  oil  the  firet  day  of  tlu-  first  oiniilt'd  pfriud.  There  is 
no  direct  eviclence  in  support  of  this;  and  tlie  looso  natuiv  of 
tht>  connection  l>etwcea  ovulation  and  monstniation  renden  H 
highly  improbable. 

(iii)  Tbe  rule  assumes  tbat  the  act  of  fvrtiliuition  of  an  o^'udb. 
which  in  nil  probability  will  nor  reach  the  utentK  for  at  lea^l  a 
week,  IB  able  to  ariy?st  the  degenerative  chaogee  already  com- 
menc<^  in  tbe  dectdna,  to  suddenly  sto])  the  menstrual  flow  that 
is  on  the  verge  of  taluug  place,  or  has  actually  coiameiioed,  and 
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to  coovrrt  the  rt^mgrecsive  chnogvs  of  Hm  uticrus  into  pn> 
gresMve  ones. 

(ir)  Hie  riJ©  is  not  in  accord  with  the  WL-lI-estahlish^  fnct 
that,  in  order  to  insure  prognMicjr,  the  moHt  favourable  time  for 
intvrtfourft;  in  nhorlly,  or  iirini(><)iftte1y,  afWr  the  vonclnsiou  vF  a 
in«>i:i»trual  [)eri<H3.  This  is  intelligible  eaouf^li  if  the  ovum  to  bo 
fertilisK]  is  the  ooe  ilischni^ed  At  that  period  ;  hot  i»  hard  to 
understand  if,  as  ibo  rulu  rMjuircs,  theen  Apt-mintozoa  bftve  to 
witit  for  a  poriod  of  tliriN.'^  wei^lcH  or  inon*,  antil  t  lii.'>  □oxt  disdiitrge 
of  OTa. 

These  objections  are  serious  ones,  and  Proft-ssor  His,  in  tho 
second  part  of  his  work,  recogniaea  tliat  tJie  rule  as  orii^nally 
fomtalatcd  cannot  apply  to  all  casc«.  He  quotes  instances  in 
which  the  dates  wero  nccnrately  recordwl,  and  iu  -which  thp 
fertiliMsl  orum  must  have  bflougi!d  tu  thu  luHt  occurring  pcrind, 
and  not  to  the  firRt  omitte<l  one;  he  ta  of  o]>inion,  hnwevrr.  thar 
the  rnle  as  stated  aboro  will  gtill  apply  to  the  majority  of 
cases. 

Thia  more  recent  riow  may  W  rxprcseod  ^rapliically,  tbns. 
If  I.  in  the  lirat  day  of  the  laat  actually  oc^curring  UK'niitnial 
period,  and  II.  is  tliL- first  day  of  the  first  ouiitteil  period;  then 
the  pnasihie  days  of  fertilisatkiu  are  as  foUowfl  : — 

I.,  2. 3,  4,  &,  6.  7 20,  27.  28,  II. 

That  is,  an  ovum  discharged  daring  an  actually  oocnrring  period 
remains  cnpnble  of  fertiliMitiou  for  u  certain  nnmtx^r  of  day^  vx- 
presMd  in  the  formuta  as  a  week,  commencing  with  I.,  and 
ending  at  7.  During  thia  lime  it  may  be  fertilised,  either  by 
^pevmntoioa  receivi?d  after  the  period  is  over,  or  received  before 
the  p«''riod  and  retained  in  the  oviduct  during  it.  In  the  case 
of  thej«  embryoH  the  agi-t  should  bo  calculated  IVom  I.,  the  Grst 
day  of  the  la^t  actually  occurriuK  |)eriod. 

On  the  other  hnnd,  iVofi'ssor  iiiti,  and  uthcrv,  maintain  tliat 
tliere  ar«i  ponibilities  of  fertiligntion  at  the  other  end  of  the 
aerii-s ;  and  that  an  orum,  disohorgud  frooi  the  ovuy  a  day  or  two 
1)efon>  the  next  period,  11.,  is  due,  may,  if  fertilised,  stop  that 
period  from  occurring;  and  in  such  cattee,  if  tboy  really  happen, 
the  age  of  the  embr>o  should  l>eralculafed  from  the  first  omitted 
period,  and  not  from  the  hist  occurring  one.  It  is  not  * 
certain  which  of  these  two  poMibilities  is  the  normal 
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occurrenci',  but  Bucb  evidence  n»  we  Lave  is  in  fevour 
former. 

It  is  euBtomsr)'.  however,  to  adopt  His'  originnl  rale,  and  to 
estimate  the  age  of  hutniin  nnlirvtis  from  llie  first  day  of  tLc  Erst 
omitted  period,  nnd  tlilx  inetbod  nnl!  Ut- followed  in  tliis  cliiipter. 
It.  must  he-  repeat-ed,  howevpr,  that  this  is  done  morely  (com 
c'oureoience,  and  from  thf  ahsenct*  of  any  ntlicr  prwii.-y-ly  fonnn- 
lated  system.  Viewed  on  ita  own  merit*,  H  is'  rule  will  certainiT 
not  apply  gi>nerally. 


THE   CENEKAL   JIISTf)KY    OF   DEVEIjOPMENT   OF 
THE  HUMAN  EMBRYO. 

In  tliifi  section  tlie  enrliL-at  stages  io  tbe  foriiiatiou  of  the 
biiman  etnbno  will  bo  described.  i<o  far  as  tbo^'  trv  at  prirs«nt 
known  ;  nnd  an  noconnt  will  !»e  given  of  the  external  ehnrartert 
of  tbe  (irabryi)  at  the  Btviiral  nt/ipes  up  to  tbc  time  of  birtli. 

These  descriptions  are  in  the  great  majority  of  caaea  taken 
from  I'rofesBor  Hitt'  monofrraph,  and.  as  explained  in  the  pre- 
ceding section,  the  agt'a  given  are  those  assigned  by  him  to  the 
several  stages.  In  tht-  f"!lowing  Kcctlons  the  developniout  of 
the  nervous,  digestive,  and  other  syaleniB  will  be  considered  in 
detail ;  and  in  the  eoucluding  section  the  placeuta,  tht-  f<ijtai 
membranes,  and  the  relations  of  the  embr>-o  to  tbe  oterus  will 
be  dfStrrilieil. 

The  aetual  length  of  an  emlirro  is  not  always  easy  to  det«r. 
mine,  owinp  to  the  varying  amount  tif  flexure  of  tlie  head  and 
body  at  difTi-rcnt  gtages.  liy  the  length  of  an  embryo,  in  the 
following  de.'icriptiong,  is  always  meant  the  longest  Rtmight  line 
that  can  be  drown  through  it  in  the  sagittal  [>lanr.  In  the 
earliest  stages  of  dpvelopnjent  this  eolncides  fairly  well  with  lb« 
longitudinal  axis  of  the  embryo  (Figs,  I7G  to  179);  from  the 
beginning  of  the  fnnHh  week  to  tlio  end  of  the  liftJi  week  (Kigs. 
200,  20-!},  mid  205)  it  in  a  line  drawn  from  the  prominent  hainp 
at  thci  junction  of  tlie  liead  and  body,  to  thf  i>elvlc  region  j  and 
from  the  end  of  the  fifth  week  onw&rds,  ua  tho  head  ie  gradually 
lifted  up  by  stnughtoning  of  the  neck  (Figs.  211,  212),  tht 
line  once  more  approximatrf^  io  the  longitudinal  axis  of  the 
fcctns. 

With  regard  to  tlie  general  course  of  development,  the  find 
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(bitni^t  is  oconpiec]  in  pn-IiiDinnry  pror««»e!«,  no  l.raoe  nf  tlia 
amVyo  Appenriog  until  tho  twplfth  oe-  t.hirtt.-i.'intli  day.  From 
the  enil  or  tJie  second  to  tjio  end  of  the  fourth  week,  thp  embryo 
is  acquiring'  ili'finit«  form,  uid  the  varioo«  oivans  and  Byirtcii)» 
51*  being  i»i.tnblislie-d,  ^VoIll  tho  fourth  to  ih*-  nixtli  or  neventfa 
ve»]i  there  is  a  gnidiinl  change  fmm  the  embrronic  to  th«  Ibetal 
form  ;  thp  ht--ncl  Iffc^Hiiin^  uphHt-d.  tht<  no«r,  t^rs.  nnd  Hpe  esta- 
bhi^hcKl,  tlic  hmlfi  divided  hy  jointii.  und  tlif  fingrr^t  nod  toe* 
formed.  By  tb&  end  of  the  Bocond  monlh.  tho  {^uerai  form  is  aa 
shown  in  Fig.  212,  ntid  from  this  timo  miw-nrds  the  fnrtlier 
chan^ex  conxist  chivily  in  iticr^AM>  of  kita.;  nnd  iti  proportioDBtf'l^ 
gremt«r  development  of  the  limbs. 

Hit'  chnn<Lr«8  that  occur  ia  the  shape  and  si^e  of  the  emblTO 
up  to  thfl  ctid  of  the  »r>oond  raonth  nrc  vrcll  show-n  in  tkc  senM 
of  outlinea  given  in  Figs.  I7G  to  178,  189  to  105,  100  to  203, 
20*>,  211.  and  212,  The**  t)gnref>,  which  are  l»rT"wed  from 
Proftsaor  Uie,  are  in  each  case  fire  tiuca  tho  liaeor  dimcQsi4>iis 
of  the  embryos  Ihvintwivea. 

I.  The  Fint  Week. 

Hie  fertilisation  of  the  hnnian  ovum  has  not  bevn  stndied. 
A  eiDgle  obsen'Dtion,  by  Kngx-I,  of  n  ripe  uvarwn  orum,  irmuvod 
by  0{)eratioii  nnd  examiued  in  a  fn>A!i  condition,  idiowfil  that 
two  |>olai-  bodies  were  present,  lying  on  th>-  surface  of  the  ovum 
within  the  zona  pellucida. 

'ni<-n'  )H  no  iirAHon  for  supposing  ihnt  l^rtilisatiun  la  eRcctcd 
in  other  tliaii  the  normal  manner;  and  it  is  probable  tliat  it 
tukes  place  at  or  about  Che  tinie  the  ovum  leaves  Ihe  ovary  auci 
cntcra  the  oviduct. 

The  Bcgmentattnnof  the  human  ornm  hMnotb>>en  seen.  It  ia 
highly  probable,  fioni  analog  of  other  Mammnls,  ihal  ibocctita 
durinff  the  pnasage  of  the  ovum  along  the  Fallopian  tube  towards 
the  utirros. 

The  orum  of  the  du^;,  which  in  slightly  smaller  than  the 
human  ovum,  traveU  quickly  utou);  the  tir?t  part  of  the  oviduct 
hut  8taya  Rome  days  in  tlie  distal  or  I(>w«>r  part,  whera  it  niitW- 
go«a  «egmeiilAtion,  enbi^riog  the  uterus  eight  or  ten  days  after 
Imring  the  ovarj-,  RijcholT  nnd  others  believe,  Ibnu^'h  then;  ia 
no  dinNTl  evidence  on  thr  |>oinl,  that  the  human  o^■on>  agrees  in 
thu  respect  fiiirlr  closely  with  that  of  the  dog;  andergolng 
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segrneatation  in  the  lowvr  part  oFth«  oviduct,  And  oot  ent 
the  uterus  until  from  eight  tu  \en  ckys,  or  pei-liaps  lungi^r,  aft«r 
the  time  of  diaclinrgf  from  the  ovary. 

2.  The  Second  Weelc. 

Of  ova  or  eiiibi-yos  which  are  belii-viMl  to  belong  to  tlie  «ad 
ofthe  sccaiiid  wi-uk  a  f^vf  exAnplea  Itave  beeo  described.  Tluwe 
are  of  great  interest,  ultliough  there  is  room  for  douht  in  Kone 
of  these  cases  whether  the  Bpecimeiwcan  WrcgnrOt-il  o*  pcrfrctly 
normal. 

Belohert's  oTitm.  llie  best  Icqoitd  instftoce  is  an  oi'uiii  de- 
BCribeil  by  Iteicherl,  and  believed  to  be  of  ttUmt  the  twelftli  or 
thirteenth  day.     Tlii»  ovimi,  which  is  rvpreaeiilrtl  fi-iur  limnt  th< 


Fio.  m. 
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ria«.17Snnil  ITS.— Front  and  aide^-tewBof  |{«lob«rt'a  0«im.  (From KoUlkM, 
attvr  Kvicheit.)     k  4, 

natural  size  in  Figs.  172  and  173,  was  found,  in  niu,  in  the 
DtemB  of  a  woman  who  had  committed  saicide,  and  gave  every 
indication  of  hoing  pfcrfcctly  normal. 

The  oviim  vriLH  a  vesicular  body,  lenticular  in  shape,  attd 
Tiieosui-ing  $■{>  mm.  across  itti  greater  diiuucter,  and  3'3  mm. 
from  eidt?  to  side.  Of  the  two  aurfaees,  the  on©  lurued  townrds 
the  wall  of  the  ittvriiH.  the  upper  one  in  Fig.  17-V  wa«  iiiurv 
convex  thiin  the  opiwsiti?  snrlhce,  wliicli  iiuxMl  ton'iirdA  the  cnvity 
of  tJie  ulerti.-<.  Tlie  margin  vf  the  vwicte  vrna  thickly  fringvwl 
with  villi,  the  largest  of  which  were  0'2  mm.  long,  and  «lightly 
hranclied;  tlie  tnidcUe  iiorlions  of  luth  Kurfaces  were  (unootii, 
and  devoid  of  villi:  and  in  tlie  centre  of  the  more  cot)v«x 
uterine  snrfftpo  was  a  small  circular  spot  (Fig.  172).  l-ti  ram? 
in  diainetpr,  nnd  of  a  tlarker  colour  than  the  rent  of  the  v«aicle. 

The  relatiouH  uf  the  ovum  tu  the  uterus  were  ah  folluTva.     Tlie 
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Pi«.     ITI.  —  Dlifnun- 

nMiio  Mciioo  of 
B«i(,'hcri^  Otuin, 
(VrhuHU.)     tti. 


tjQtire  uterus  was  lined  by  a  decidua,  described  aa  not  difleriug 
in  any  special  tnanner  ftoin  an  onlitiitiy  meostrual  dvcidua,  and 
rnnning  the  asual  ridgc^like  prtij<.-cli(in8  into  tlio  cAvily  of  t}ie 
utonis.  To  one  of  tlieee  ridges,  on  the  dorsal  surface  of  ttic 
fuadas  of  tbe  aU.-rDi»,  tlio  ovam  vra»  attached,  tJie  decidua 
iiprea<Iing  over  it  as  a  thin  Inyer  Hoaiilocotnpliitely  cncnp^iilt*  it 
(cj\  Fig,  i75j.     The  margiiiul  villi  were  , 

described  and  figared  by  Ucichert  as 
penetrating  a  little  distance  into  the 
ealargeil  uterine  glands. 

In  tbo  ovam  itscH'  tbcre  wa«  iio 
iitdtcntiuii  of  primitive  or  m-und  grooves. 
uor  of  auy  other  part  of  the  embryo. 
The  wall  of  the  veeicle  was  described  by 
Koichert  an  consisttbg  of  a  ainglv  layer 
of  (lattened  epithelial  uelt<i,  prolonged 
outwonb  to  fonu  the  hollow  villi.  lu  tlie  circular  jMtch  on 
tJto  utcnno  Hurfaco,  upoUen  of  as  the  gt'nninnl  or  •.'nibrvoiud 
are*,  a  ««cond  or  inner  layer  of  finely  grannlar  Daelented  eelU 
was  present.  The  cavity  of  the  Teaicle  was  occupied  by  a 
gelatinous  daid,  tnrersdd  hy  a  network  of  fibree,  and  con- 
taining within  it  a  rounded  body  attached  to  the  germinal  area. 

Lining  tlio  whole  vesicle  was  a  second,  fairly  eoherent 
taoDibnuiv,  with  which  the  fibres  were  continnaus.  By  Ki-ichert 
this  aecond  membrane,  the  nutworlc  *>(  filireA,  and  the  central 
rounded  body  weru  alt  alike  considered  to  be  nrtiticiAl  products, 
due  to  coagulation  of  the  flnid  contentA  of  the  reaicle  by  tlie 
alcohol  it)  whii'li  tJie  Hpt^iiien  was  preserved. 

Ova  of  similar  appearanoe,  and  of  apparent  ly  about  tlie  sane 
age,  have  been  described  by  Wbartoii  Jouea,  Ureuss,  KoHniinn, 
and  others;  and  in  none  of  tliesc  cases  was  any  trace  of  an 
embryo  present. 

The  pojiition  bold  by  the  ovum  in  relation  to  the  uterus,  in 
the  casi'  recorded  by  Kollinnnn,  is  shown  in  Fig.  175,  TTie 
whole  uterus  was  lined  by  a  decidual  membrane,  DV ;  this  was 
greatly  thickened  about  the  middle  of  the  ventral  wall,  forming 
tbe  dmdim  serotina.  DW,  to  wliich  tlia  ovuiu,  CV,  wax  nttaclied  ; 
tlie  dei'iilim  i-xt<-nding  over  tbe  ovnu  so  oa  to  con)pli-t«ly  rn- 
caiwule  it.  Tlie  ovum  ilaelf  waa  in  the  fonn  of  n  hollow,  thin« 
walled  vesicle,  with  abort  branched  villi   projecting  from   its 


Fl4. 17£.— A  IiinBitadiniil  *ecli  t      l   il.'  Ult-ras  vilh  Ui  Ovum  fa  jnfir.iwtl- 
maletl  lu  utoat  the  thirt.'iK  li  -Ikv.     (After  KatlmaiU)  )      'I. 


CV.  CBrllj  •■(  oriiKi  Of  MMMdtniilv  *™iclc.  CW.  "jH  ft  MMoknafc  .  _  . 
CZ.  lUU  liru)ivUliK  from  vdl  Vt  tilBito-fFnuli.'  ivriclr  DV.  dwiilBk  vai^  DW. 
•IwMiiii  HvutliKi.  DX.<^<v1-tii*  nUrin.  QV.  viirlnn.  UA.  <w<i<vnf  olva*  DS> 
lU™:  wall ot  imriH,  tJC.  •"•mrn)  null  nf  utoni".  HO."  "XH.  VIL. nutiim gtiBt<. 
XfX.  rrrtli  iilwi. 


Epecimfiis  iii-i» :  (i)  (Jiitl.  the  rounded  body  described  by  Keich^-rt 
as  lying  within  the  vesicle  is  made  up  of  micleated  cellB.  «nJ  is 
uppiircntly  solid,  and  attacliwl  to  tie  embryou»l  or  gvnoitiBl 
aren ;  (ii)  tliiit  tTiere  in  stroiif;  niutcin  l*or  thinking  that  the  wall 
of  tha  vesielf  really  consietB,  uot  of  a  aingle  layer  uf  celts,  but  o( 
two  layerfl,  of  which  the  inner  one,  regarded  by  Reidiert  ab  a 
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coagulation  product,  if*  of  (Jie  oatar?  of  coDDediru  tiaeoe,  and 
tlwrefore  or  meeoblastic  ongtn.  Tbi»  taller  point  i^  h^irever,  & 
doobefal  one. 

In  the  pronnt  trtate  of  our  knowlt-tlge  it  is  liartlty  possible 
to  make  any  oatlifactory  (.-ompru'iMin  between  th«o  earlr  linmnti 
ovft,  bimJ  tho  stng^e  ftlr^adj  d(«oribod  as  oconiring  in  the  mbbit. 
'Vbv  diBictilly  is  much  inrressed  by  thn  nlweuce  of  detailed 
Ustological  dnwription,  mvX  by  t4ie  donbt  a»  to  whetlier  the  ova 
ar«  in  all  respects  norma].  It  moat  aUo  lie  bonie  in  mind  that 
w«  are  absolutely  ij^oraiit  of  the  diocIo  in  which  segni^ntation 
of  the  humai)  orum,  nnd  the  immediately  succeeding  et4i^eB  are 
efl(-<'I(il;  and  tbnt  (rr«ut  iiiicL^rt«iiity  attll  exLsU  willi  regard  to 
the  detftiU  of  tlit^Ae  j>roceit.<teK  in  thi-  mbbil. 

Ah,  however,  the  iieveni)  human  ora  of  the  stage  iu  qnestion 
agree  in  n  number  of  important  pointx.  and  ae.  io  the  eaee  of 
Hcichprt'a  ovnm,  there  ia  every  rpaeou  for  n.>pardlin(f  tlie  specimen 
as  normal,  it  iii  adn^nble  to  make  soch  mmpnriMin  as  in  poHsible 
between  Ihese  ova  mid  the  Bcvernl  stages  of  devrlopmeni  of  such 
n  Mnmmnl  mt  the  rubbil. 

In  the  tirst  place,  the  complete  absence  of  any  traeo  of  an 
i-mbryo  indicates  that  tlie  stage  is  a  verj"  i»nrty  one.  In  ovn 
which  there  aT«  strong  reasons  for  regarding  as  t>at  one  or  two 
days  older,  an  embryo  ix  preKent ;  nc  tlint  tho  ittage  represenlftd 
by  Reichert's  ovum  iimy  be  dettcril)ed  ns  one  shortly  before  the 
lirvt  Appearance  of  the  embryo,  and  as  corresponding  in  this 
reft|H'<rt  with  tiic-  hlsstoih^rmio  vesiclr  of  a  rabbit  at  nliout  tlu> 
fifth  or  sixth  day. 

In  its  vesicular  clinractor.  the  thinness  of  its  wallt*.  and  the 
presence  of  a  eentinl  embryonal  aren  of  different  constitution  to 
the  re*t  of  the  wall,  there  are  additional  point«  of  rest-mblance 
between  Ueichert'B  oi,'um  and  the  blastodermic  vmicle  of  a 
rabbit  nf  ilie  itixth  dny,  or  of  a  dog  in  the  <*arly  part  of  the 
third  werk.  1'here  is  also  a  close  oorrMpoiKh^nc*^  in  actual  8i»' 
liHween  them  stages  in  thp  tbreo  instances. 

Keicliert  ww  of  opinion  tliat  this  comparison  was  a  troe 
one;  and  the  view  i»  aupported  by  His,  who  gives  in  illiutra- 
tion  of  ll  the  diagmmmalic  E4-ction  (Fig.  174).  His  confident 
that  the  unter  wall  of  tlie  vet^icle  oonststs  of  epiblaat  only,  and 
lluU  the  hypoblaot  forms  the  inner  eircnlar  patch  nf  celU  in  iJi'* 
pnibr\-onBl  area  ;  he  also  regards  tli«  ornlral  rounded  mass  of 
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oolU  as  hypobt(i»Tic,  und  &»  dp^finotl  to  bo<couis  hollow^  out  u 
a  later  stagi'  to  form  the  yolk-anc. 

Concerning  tliis  comparison,  it  must  be  borne  in  mind  thai 
wo  hare  as  yrt  i^o  sntisfnctJ^ry  Icnowlodgc  of  the  bistolf^jjical 
Btructnn-  of  tlieiie  crarly  human  ovu,  and  tbst  the  etag^  is  one 
ahout  which  much  doubt  exieta  even  in  iho  case  of  tlia  rabbit. 
It  must  further  be  tioticed  tbat  there  are  some  poiiita  of  itnpor* 
taiice  wliich  ivU  diroctly  against  tlie  iutoiiiralalioD  6ng;gested  by 
Reichert  and  His. 

In  the  fir«t  pincc,  there  is  nothing' in  the  blnrtodemiic  veeicif 
of  a  rnbbit  on  the  sixUi  day  thnt  cau  be  compartMl  vritJi  the 
ct'iitral  mass  of  cells  in  Reicliert's  ovum. 

Sccundly,  iT  Ki«  is  nght  iu  intcq)rY'ting  tbix  ceittral  ntasa  of 
cells  »i«  thtf  yolk-ii.-ic,  then  the  yi)lk-«ac  of  the  biiman  (.■^mbrj'o  19 
dereluiied  in  a  uiuuner  entirety  different  from  that  uf  tbo  rabbit. 
Ill  rJie  rabbit  (Fig.  116),  the  yolk-sac  ispart  of  the  blaatodennic 
VL^ii^lu  iUt'ir,  white  in  ihi^-  hiinmii  timLrya  it  ikpp«ara  to  bo,  fiom 
tlie  first,  inde)H*ndeiit  of  this.  In  other  words,  if  the  c^nlml 
Dmas  of  cellft  in  iteicben'o  ovum  is  the  yolk-sac,  nui)  thu  Uter 
stages  strongly  support  this  interprL'tation,  thon  the  wall  of  the 
vesicle  of  Reicliert's  oram  cannot  corrpspond  to  tlie  vail  of  tlie 
rabbit's  bliistodcrmic  vt-sicle  (r/.  Figs.  IHi  and  183). 

Tliirilly,  there  i»  strong  ivason  for  thiitkuig,  as  already 
noticed,  that  the  wall  of  Roichert's  ovum  is  double ;  ait  inn«r 
mesabhistic  lining  being  already  present,  8«  well  88  llii*  outer 
opitheliid  Iayi;r.  To  this  inin.-r  layer,  if  it  roolly  exists,  tJicre  ia 
m>tliiiig  corresponding  in  the  rabbit'a  blastodermic  veMcle  antil 
s  latur  stage. 

On  the  whole,  then,  the  evidence,  while  not  exclnding  a 
gvnciul  con'eKjxiiidence  in  grwle  of  dcvoloproent  botween 
Rpichert's  ovum  and  a  rabbit's  blastodermic  vesicle  of  about  the 
i&ixth  day,  uppeara  to  be  against  a  close  or  t-xact  agreement 
between  the  two.  There  are  features  in  Reichert's  ovum  which 
do  not  fit  ill  with  tlio  proec'sses  of  development  as  knnwti  iu 
the  rabbit,  or  in  other  Mammals;  pecnUarittea  which  will  pni- 
bably  not  be  understood  until  opportunity  bos  occurnxl  for 
study  of  the  scgincntnt iou  of  the  human  ovum,  and  of  the  stap^ 
immediately  fallowing  it.  Light  will  perhaps  be  thrown  on  the 
qneetiou  by  iuresligutiona  on  MnininalH  motv  nearly  allied  to 
man  than  are  rabbits  or  dogs. 


TIIK  TUlRTFESTn  AXD  FOmTEESTH  DAVit. 


477 


Embryo*  of  th«  ThirtMnth  tnd  Fonrt«e&th  D«jri. 

Hit  embryo,  £.  One  of  the  youIl^^l  humtoi  l>vu  cuntMning 
n  distinct  otnbryn  woh  obbiiiiod  by  FrofcB^r  His  in  18C9,  and 
wftH  cart-ftilly  tlr«criht-d  \>j  him  under  thf  iliNtin^inhiiif!  letter 
E.  Tliiis  i-iitbrvo.  nbicl)  is  tit.  pt\^»viit  di^-jKisitu*]  in  tbi-^  AiiAto- 
mioal  >tiuu-um  at  Itasle,  m  astintatM  bo  Im>  abont  tliirteeti  days 
oM  ;  it  is  n'pri'seiited  from  tlie  rigbt  side  iti  Fig.  170;  and  in 
dif^^miininl  ic  su^ttnl  section  id  Fig,  IdS. 

Tlio  entire  vci^ide  (Fig.  188)  is  a  tliin-walUxl  mic,  mewar- 
ing  8'5  mm.  br  5-5  mm.  and  covennl  all  owr  with  branched 
villi.  Tlte  contained  embryo  (l-'^g.  176)  is  2-1  mm.  lung,  ond 
ia  attaclied&t  its  Under  oad,  hy  a  short  thick  stalk,  to  the  tmior 
surfaCH  of  the   ve^iicle.      X  slj^fht  constriction  separates  the 


ri9.\T«.  no.  171-  no.  ITS. 

FlOS.  ITA.  ITT.  I'ft.— Ontllno  Ipimb  tnm  llie  rijclit  bMu.  of  ikroc  llnnuui 
Bmbr/iM.  oalbubed  Ut  b«  «(  tlie  iMlMantb  or  toiutamtli  lUfe.  (From 
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no.  ITfi  -BmbTTo  lctl«r«l  hjr  Vra^mta  Hk  8  (y.  Flf.  IBS). 

Kia.  177.— KiiiWrod«iMirib)<il  by  All*n  Hkhummi. 

Pia.  !?».— EitibrTolMt«Tedb7Pn>f«MwH[a,8B(y.  7I(.  17*). 

erebrvo  ventrally  from  the  yolk-sac,  which  measares  2'fl  by 
)'(!  mm.  CovL-riiig  tlii.-  i-mbryo,  but  at  a  diort  distance  from  it, 
ta  a  niembranoaii  fold,  which  in  clearly  the  initer  or  tme  amnion. 
'rhf>  i-mbrro  it.'^vlf  pft-^>uta  along  its  dotsal  rarftco  a  sballofr 
DcumI  gi-oove,  boundi-d  by  promioent  neural  folds ;  and  the 
only  other  organs  visible  on  the  surface  ai«  a  pair  of  longi- 
tudinal folds,  formed  by  the  two  halves  of  the  heart,  and  lyiog 
between  tho  mitenor  viid  of  the  embr\'o  and  thv  yulk-MC 
tV>m  the  heart,  vMitels  can  be  traced,  running  over  the  eur&ce 
ofthf  Tolk-.'mc. 

Hit'  embryo.  SR.  This  is  a  welt-pn-sen'ed  embryo  of  lh<* 
thirteenth  day.  slightly  older  than  tlw  embryo  K,  bat  rery 
similar  to  it  in  all  important  respects. 

The  cDtin?  vesicle  measnres  U  to  1>  mm.  in  diameter,  and 
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i»  cuvered  uver  its  whole  surface  by  branched  villi,  &h  in  tbo 
of  the  embryo  K  (./.  Fig.  188).  The  enihryo  (Figs.  178  and  179) 
is  2*2  nun.  loug :  it  is  nttuche<]  to  the  tnnvr  Htirfhce  of  ihn 
vesiic\&  by  a  short  thick  iitalk,  tz,  And  is  separated  from  tlie  yolk- 
Kac.  ys,  bv  a  slight  coasLrictiou. 

In  the  «inbryci  itself,  tliu  hc«d  end,  UP,  iu  more  iiiarkixUjr 
miitetl  above  tlw  yolk-sac  th«n  in  tins  embryii  E  ;  mid  the  neural 
groove,  SO,  is  widtdy  open  along  its  whole  Ittngtli.     The  domd 
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Kio.  I  .B.—Mtttn  Bmbrw)  iBHertd  \>y  I'rofMMir  His  i^K,  miiI  sMlswivd  a*  of 
iho  Iblrtowtiidaf .  Tba  vail  ot  ihc  Uoatodcimic  ri».)cle  hat  boen  rcmored, 
except  ibe  pan  to  v\uo-\t  tlio  allantoic  stalk  is  iitioobed.  [After  liU.)  •  :u. 

bliBMnloruiio  i«telr.    VI9.  villi,    yo,  >«U-«u?. 

Burfaoe  of  the  embryo  is  SHinpwhat  ainuoue  in  ontline.  preaeot- 
ing  altomate  convoxitic^s  nnd  wncKvitiox:  tho  must  auterior 
and  l&rgeAt  Airelling  ia  fonneil  by  t.lie  head  ;  tben  comos  n.  can- 
cavity  oppoititu  tlip  middle  of  the  length  of  the  yolk-snc  ;  and 
then  aiiotlier  marked  convexity  further  buck.  The  bindn-  ond 
of  ihv  oinliryo  pnijf«ts  freely  ni  »  short  blnnt  tail,  T1-,  bey"D(! 
the  stalk  of  attachmeiib  to  tlie  wall  of  tho  vesicle,  Tz,  wlueh  now 
arises  from  tlie  veutral  suri'ace  of  the  hinder  end  of  the  ombiyo 
I'he  two  halves  of  the  heart,  u,  form  prominent  swelUngi*  betwi 
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tlie  bead  nud  the  yolk-tmc.  TUvre  iti  as  yH  no  tnice  of  either 
visceral  archrii  or  clofte ;  and  Uie  dorsal  sarface  of  the  embryo  is 
envulopwl  in  tlie  tliiii  invmbmuonx  amnion,  an,  whlcli  Dow  Iwa 
rather  closer  to  it  than  in  the  caM  of  the  einbiyo  K. 

Humiui  einbi^-oB  of  about-  the  aaiuu  age  u  the  (•iubr\-os  K 
am]  SR  havtf  beoo  d««cribpd  by  AJIco  Tbomson  (Vifi.  t77)i 
lv,>n>^l,  V.  Spw  (FigB.  180  to  181),  Kollmann  (Fig.  IHO).  uA 
otbi-re.  'l^t-ai-  at!  agree  in  es^ntial  n»]M>ctii,  and  1imvi>  tio  doubt 
tliat  the  stage  must  be  regarded  as  a  perfectly  nonna)  onu, 

V.  SpM'a  •mbryo,  which  was  studied  by  nieoDs  of  sect  Jonft,  is 
of  considerablo  importance,  as  it  has  shown  tbt-  iiuvroal  elruc- 


'HO 


Fio.  IW. 


Pio.  181. 


Kin.  180.  A  UrniiMi  Kmbryo  of  Kbant  tbc  tliirtAoath  ilay.  froot  the  left  did*  : 
tlw  wnll  ot  tliB  blutJilannlc  v«fJdo  Iib*  botai  fit  chief  |iitI  iitnioT«d. 
(*fl«r  V.  gpt*.)     Kfl. 

Tta.  IDI. — The  luuDO  omtw^  from  Ibe  donnl  curfoce.    (After  V.  tlpOOL.)     >  14. 

AN>  iBiHTiwUiirBainlDii.    BIX  biaj «!  "I  tlnliry«.     If O. dbixJ (nam.    VT. 


ture,  ontl  the  retatioas  of  the  gt-niiitial  layei:^,  at  ttie  stag«  in 
qneHtitiii 

'I1ii;''iiii  iy>  is  roprcHcnted  from  the  left  atdo  in  l-'tg.  180, and 
from  tli«  domnl  surface  in  Pig.  181.  It  is,  if  aaythiit^,  nlightty 
yonngor  than  tbtf  pmbiyu  K,  and  tho  (.'ooslrictioD  separating  the 
ombryo  from  tlie  yolk-sac  bae  hardly  coninienced  to  form.  The 
head  of  the  pmbryo  (Hg.  181,  HI))  is  wide  nnd  tlat,  and  th« 
neural  ffroove  is  ^laUow.  At  tha  blttder  eud,  the  two  nearal 
foliJ»  diverge  from  mth  mi  ilunn  the 

uitorior  cud  of  a  well  ^1,  w)  ; 

and  jiiat  in  front  of  ■vU- 
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ia  covered  over  tta  wliol«  eurrace  by  brancbed  villi,  s«  in  the  caiae 
of  the  embryo  E  (cf^.  Fig.  188).  Theembryo  (TigB-IZSand  179) 
is  ^"2  mm.  long:  iL  i.t  aLt.iuilitKl  Ui  tlir  innvr  snHoct*  of  tile 
veiiiclu  by  a  short  tbick  litalk,  T2,  aud  is  b-»iianit«d  from  1  hi>  yolk- 
KUL',  y».  by  a  slight  coa»trictioii. 

In  t.bv  embryo  itHulf,  tbo  kiMul  end,  no,  is  moro  umrk<-div 
mineil  above  thu  yollc-snc  than  in  the  embryo  E  ;  and  tlie  ceuni] 
groove,  WU,  ia  widely  opcu  along-  its  whole  length.     Tlir  doraal 


Fto.  I  T<J.~Kiicnan  Kiiil>ryi)  IrtHwJ  ttT  I*n)fMm[  HI',  KK,  and  isotlnikCiyl  w  of 
thn  tbincciitli  Aay.  'Hid  <niU  of  the  blnatAdoriuic  r(»lclo  htu  b«4«i  rviaoTnl, 
ozccpc  the  jiiirt  tc  which  the  Rlhtntnk stalk  in  nttacbcd.  (Attcr  nu,)  •31- 

^Jf.IhiiKr  (Lf  (mn  4Uiiili'>D.  HD- ■■Mi'l  Miit  ot  Il.i> umtnrn.  n.)M*rt.  NO.  "'o^ 
nODtK  Til.  I'll.  TS.alluitolD  ualk.  cantMSIIiw  U«  (mtajv  MUi  UbwiUuI  Ub 
UHtOIbrinio  rnlclr.    VN,  rllU.     Y&julk-M"- 

surface  of  the  embryo  Is  (wuiewluit  sinuous  io  ontline,  present- 
ing alk-raate  convexitien  and   concuvitiss:    the  motit  lUitario 
and  Iarge.it  swc-Iling  is  formtM]  by  the  bead  ;  then  comes  a  i 
cavity  0[)pu»iU.i  the  middle  of  the  Icn^h  of  Uie  yolk-aao;  aai 
then  another  marked  convexity  farther  back.     The  hinder  > 
of  thp  .mihryo  proj.>cU  freely  na  a  short   binnt   tail,  TL,  bi^yc 
tbo  stulk  of  atUR'hiiifnt  to  ibo  wail  of  the  virsicie,  TZ,  which  dov1 
arises  ^m  the  ventral  surface  of  t^e  hinder  end  of  the  embryo. 
The  two  halves  of  tbo  heart,  B,  form  prominent  swellings  between 
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tlii?  hc-ad  and  tlie  yolk-sflc.  Tlii'ro  ita  as  y«t  no  tmc«  of  etlJier 
vieceml  arebcs  or  clcft«i ;  and  the  dorsal  Hurfare  of  tJiP  embi^'o  is 
pnvol(>]K'<l  lit  tbe  thin  iiH-iiibntnuitK  uitiniori,  m.  which  now  lt«i 
rather  c!os«r  to  it  than  in  tho  case  of  the  embryo  E. 

HuDinn  etnbryoa  of  about  the  aatiie  age  as  tlie  embrj-us  B 
and  S(l  havi!  ht-cn  de«erib«Ml  hj-  Allen  niQoison  {Vig.  177), 
KeiM,  V.  Sp*?  (FigB.  180  to  18-1).  KollmAnn  (Fig.  1SJ>),  and 
others.  The«e  ull  &gre«  in  essentiul  reapvcltt,  and  Iliuv^  no  doabt. 
tJint  the  8taj<e  iiiu»t  bo  regarded  aa  a  peiTectly  nonnal  onti. 

V.  SpM't  embryo,  which  was  stadied  by  nieoDB  of  sectioDH,  is 
of  considerable  importance,  as  tt  bos  ^own  the  intumal  Gtruc- 


-HD 


Vio.  IW>. 


PS 

Flo,  181. 


Via.  ISO.    AHoniAB  Bob«js>  nf  nbont  the  lliinmtBili  divf.  frnm  th«  l«ft  lidt; 

llie  wall  of  tlw  blHl«d«nal«  vmcJo  Iim  bMB  in  ehi«f  pirt  r«aMV«il. 

(After  V.  BpM.)     -  a. 
Via.  I«t. — Th«  MJOM  cmbrjo  from  ibc  doml  surface.    (Afl«r  T.  Spec.)     '  M. 

AJf.liiH'"' tnrauntob.    HS.  knJ  nolf^  cmbrf^    HO.  n>nd  (mcTK     KT. 
aMmnurM  rMuL    PB.  frinlUn  MrMt.    TK.  rtUI  of  «hmka     Ta,]nlk-aD. 


turr,  luid  the  relations  of  the  genniual  layers,  at  eIm)  stage  in 
qnwtictii. 

This  embryo  is  reprvtK>iit«d  from  the  led  side  iu  Fig.  18U,  and 
from  the  donwl  surface  in  Fig.  181.  It  is,  if  auytliiiig,  idighUy 
joon^'iT  thivn  th(>  i>mbr>'0  K,  aud  Uk<  conatriotion  st-psrating  iha 
einl»7D  from  lim  yolk-sac  ba?  banlly  commenced  to  fonn.  The 
head  oT  tbe  embryo  (Fig.  181,  hd)  is  wide  and  Hat,  and  tba 
neaml  groove  iii  hIuUIow.  At  tht*  hind<-r  end,  the  two  nenra) 
fokla  dirarge  frum  eacli  other,  and  embracv  betwtHiu  ihciii  the 
anterior  end  of  a  well-mn.rk(>d  priruitive  strvak  (Fig,  Itil,  n')\ 
and  just  in  front  of  tbe  primitive  strt'ak  is  a  imall  but  wvll- 
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18  covered  over  ita  whole  anrfsoe  by  bmncfaed  villi,  an  in  tlw  i 
of  th(r  ©niVyo  E  (<■/.  Pig.  188).  Theeml>ryo  (Figs.  1  78i»b<J  I79( 
is  2-2  nun.  long :  it  id  attacbed  to  tLy  inner  surface  of  tbe 
reside  by  a  sltort  thick  stalk,  tz,  aad  is  separated  fram  the  volk- 
aac,  YS,  by  b  sligbt  ooastrictioa. 

In  tbo  embryo  ilAflf,  tbe  heail  eitd,  DO,  Is  tuoi-e  trmrLcrdly 
miHed  nbore  tbe  yolk-sac  tbau  to  the  embryo  B  ;  aiid  Uie  tn'iiml 
groove,  VG,  is  widely  open  along  it<  wholo  length.     The  donal 


Via.  lTi>, — IIuiDan  Bnibfyo  Inttuted  by  Proftswr  HU.  SR,  uid  etUmald  **  at 
tho  UiirtcvDtb  dny.  iliu  waU  of  tlio  bUuloili/riiiic  vosicle  bu*  (mod  niniDirtrt, 
exi:u|>t  tbe  piirt  to  niijcli  (tiu  aJliuitoio M«lk  1*  utu*:b«>l.  (A.t(«t  His.)  •  2A, 

AN.  Inurr  4T  trua  UDiilniL  HO.  liiwl  rnd  nl  (liB«nln)ik  &  iMVt  lHq.  iiiMit 
STDurc,  TL.UIL  TZ.  ■Uwibulu  ditlk,  i-niiu'Kiluc  ua  aalifia  wttb  ttomUail  Ua 
iiUutodmilu  t<,>Il-1i.\    TN.  Tllli.    T8l  julk.Hc, 

xurfacv  of  tlio  embryo  Ici  soiiiewh&t  Binuous  tn  ontline.  |ir 
iiig  Alt^mnte  convexities  and  ooiiciivitids:  tho  most  ntiterior 
and  largest  swi^llinjj  is  fonnod  by  the  lirad  ;  then  couioti  a  coti- 
cavity  opposite  t]i<^  middle  of  tli^  Icn^h  of  tlie  yolk-sac ;  aod 
then  nnothcT  markod  convexity  further  liack.  Tbe  hinder  end 
of  the  t*mbryo  projectit  freely  as  a  short  blunt  tail,  TL,  beyttnd 
the  Htalk  oruttachiiient  to  the  wall  of  Uie  vesicle,  t/.,  which 
arises  from  tin.-  vt-iitral  aorfaco  of  the  bindi-r  end  of  the  r 
The  two  halveti  of  the  hoart,  R,  form  prominent  sirelUng 
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the  bwwl  and  t.Iie  }'olk-«ac.  Tlwnj  in  m  yet  no  trace  of  either 
visceral  arcbeii  or  clefts ;  and  tlie  dorm)  flurf»c«  of  llii*  embryo  is 
(^iivttlu|jed  in  the  thin  membranous  anmiun,  an,  which  uow  Iipm 
ral  iier  vlo«cr  to  it  tlmii  in  tbo  caw  <^  the  embryo  K. 

HuiiDiii  embryos  of  nboiit  thc<  <auM  ago  lU  the  embryos  B 
and  SR  have  liepii  deacribed  by  Alien  'fbomsoii  (Fijr.  177), 
Kpibcl,  V.  Spee  (Figs.  180  to  Iti-l),  KoUuiann  (Xig.  IHO>,  ami 
othan.  These  nil  i^ee  in  «g»untiul  respects,  and  t«aw  no  tloabt 
that  His  at-ijf.'  mint  b**  ri'gartled  a-t  a  perPpctly  nomul  one. 

V.  Spee's  embi7o,  which  was  Htudiixl  by  meaiw  of  sections,  is 
of  considerable  importance,  as  it  Has  *ihown  the  iiit4'rDBl  stnic- 


Nd. 
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AH- 


'Vh 


MT- 


KIO.  ISO. 


PS 

riu.  181. 


KlO.  ISO.— A  Hunan  Embryo  of  mhom  the  ililrucntJi  day,  froa  tbw  IcCl  ald«  : 
tiK  wait  ot  tba  bluiodcrmlc  reside  luw  been  la  chief  juii  n-moTod. 
(Attcr  V.  Spec.)     x«. 

no.  1«1.— Tha  taina  onibtTii  from  ths  dunnU  ■nrbes.    {Atin  V.  SpM.)     >  li. 

J^,  timm  or  twm tmitiaii.    BXh  ■■"•I  •■■•I  "(  •nlinv.    SQ,  UrMni  gifnw,    HT. 
iHoroitate  iwiaL  PB.  itnlUT*  oiHk.    TN.rUSalckMMB.    Ta,yAk-^^ 


tare,  aiid  the  relatioiu  of  tbp  gt^nninnl  layers,  at  the  stage  in 
qneetioD. 

This  embryo  is  represented  from  the  Icflitideiii  Fig.  180.  and 
from  the  dorsal  surface  in  Vig.  181.  It  is,  if  anything,  slightly 
youti^r  tlian  the  embr^'o  K,  sod  the  cooatrictiou  separating  the 
embryo  from  the  yotlc-Kac  ]mh  hardly  cotnm4-nc«d  to  form.  'Hie 
heoil  of  the  embryo  (Fig.  181.  ud)  is  wide  aud  flat,  and  the 
neural  groove  is  aliaUon.  At  tbe  binder  end,  t-be  two  ueunU 
foldii  (lirergo  from  eftcb  other,  hihI  <<ml>nu.v  bi-tWMiD  tbi'tn  tbo 
anto  narked  |irimitjve  streak  (I'^g.  181,  rs); 

uuitive  Btn-ak  b  a  small  but  wiOl' 
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MBtDeadag.  A  dutinet  rtowroAwl  dqireniaa,  ds,  is  pr«>SMtt 
dO  the  nadar  sarbce  of  the  head.  Tbe  two  ialvt^  of  the  bejul, 
fc,  lwr«  aiut<d ;  and  tlie  Wttrt,  bow  ■  angle  tube,  ts  «lmdv 
twHied  in  «  cbaneteMtie  S  sbif».  Poartccn  or  fifteen  (aincf 
oMMoblaaiae  mnitn,  or  probwartebwe,  xt,  u«  cl«ariy  visible  from 
tteanfiKJB. 

Ilief*  are  w  yet  no  inces  of  visoeni  »rcbee  or  clefU,  oor  of 
eysa,  eus,  or  Utnbs- 

On  compuii^  tb«  embnrtw  E  ftnd  Sit  (Fig.  1 70).  witb  the 
oomsponding  stk^  in  tbe  dprdopment  of  the  rabbit,  i.e.  with 
TBbbit  trmbrras  lo«v^  Ibo  end  of  Lhe  etglttli  day,  bt-fon*  clcavn 
of  tlie  neoral  canal  bas  oocnnvd  at  anr  point,  tltpre  are  Mas  to 
be  MrenI  points  of  difleresce. 

Tbe  rabbit  embryo  at  this  stage  is  «till  oa  the  snrfao*  of  the 
nade,  while  the  hamaa  emlnyo  is  already  covered  by  a  wiOI- 
fibnned  aanniovi.  In  oonnrctiun  with  Uiw  iwparation  from  tbi* 
snr&oe  then*  is  a  farther  point  of  difleivnce ;  the  hainau  embrj'o 
is  oonutKTted  at  ita  binder  end  by  a  &buit  thick  stalk  (Fit;. 
170,Tz)witJi  the  wall  of  the  reeicle;  whiJe  in  the  rabbit  tin.' 
tail  fold  is  otilr  jost  eooimeoeiBg,  and  the  hinder  end  of  tlif 
pmbrro  is  still  diirctly  amtinQons  with  the  wall  of  the  blasto- 
dermic vi'sicli'. 

This  stalk  of  conncrtioii  (I'ig.  179.  T«X  between  the  ntnibryu 
and  the  wall  of  thp  vesiclr,  arUes  fnwu  the  noder  surfac*-  of  the 
biodrr  rnd  of  the  i;iubr^'t>,  and  its  n-lations  ace  |Hactically  ideo- 
lieal  with  those  of  the  allaotois  of  n  tenth-daj*  rabbit  embryo. 
As  this  stalk  contains  a  tubular  diTerticulum  of  the  himUfnit, 
and  tran^mitB  the  allantoic  arteries  and  veins  (<-/.  Fig.  I9d). 
it  clearly  correapondg,  at  any  rate  in  great'  part,  to  the  rabbtt*« 
alUntois,  and  may  eonsequeotly  be  8)io1cen  of  a.<i  the  allanbcse 
stalk. 

As  rogarcls  amnion  and  allnntois,  the  main  difference  between 
th(>  human  einbr^'o  ncd  the  rabbit  may  W  briefly  I'xpresBcd  by 
sayiu};,  lliu.t  both  aiunion  and  allaiitoig  develop  in  the  bunisn 
embryo  at  an  earlier  stage,  relatively  to  the  embiyo  itaolf,  than  is 
th<'  cnsr  in  thn  rabbit.  The  proljablv  i-xplanaUon  of  this  prtoj- 
cioQs  development  of  ainuiou  and  allsntois,  and  coinparatir<-lr 
late  appearance  of  the  embryo  itself,  ui  the  htunan  species,  as 
compared  with  the  rabbity  will  be  coouidered  farther  on. 


COMPABMON  WITH  RABBIT  EMBRYOS,  488 

AnoUier  diRprence  of  oTen  givator  importanop  bolwM!iii  tUe 
tiro  embryos  is  found  in  the  rolntions  of  tbc  yolk-nac  in  tlu- 
two  caoes  reapwtir^ly,  to  wliich  atl4>]ilioii  luut  kirendj  been 
(Upected.  In  tlie  rabbit,  the  yolk-sac  {Hg.  I4G,  vs)  u  p«it  of 
tlie  blftstodemiit-  reside  itself;  while  in  ttie  humiui  embryo  {ef. 
Kg.  188)  it  Hw  fr«"ly  within  this.  This  difTi-rence  is  explnuied 
by  K«bol  OS  doe  to  n  ivliit.iv.'ly  early  <-xtoiision  of  the  splitting 
of  the  inesoblast,  in  the  huoiAn  embryo,  right  round  tlu'  lower 
hftlfof  tho  hlo^ttHli-rmic  vesicle.  In  the  mbbit  (Fig.  H?)  the 
meftoblnat,  anil  cfms>><]U(»nlIy  the  CAvily,  c,  Ijelwtn^'n  itii  layer*,  only 
ext»?iids  lialfwiiy  rvjund  the  blustodt^rmic  vesicle,  stopping  at 
the  sinus  Terminslis,  ST.  If,  in  the  nbbit,  the  mesol^ast,  and 
thy  split  V^twwji  it«  i<omatic  aod  i^plaochnic  Uyoni,  were  to 
cxti'nd  round  to  thp  lower  |)ole  of  t  lii^  bliuttoth-nnic  vi.>«iclo,  then 
the  yolk-sac  would  be  com^etely  8|)!iC  away  from  th«*  wall  of  tb« 
Te^icte,  and  a  condition  similar  to  tbat  of  the  human  einbiyo 
would  bo  ottaincil. 

No  KtiigoH  inlcniiediate  U-tween  Iteicbeii'ii  ovtirn  and  [Ii.i* 
embryo  E,  or  V,  Spue's  embryo,  have  yet  bp>cn  dfi*cribed.  The 
gap,  ibmigfa  prohnbly  only  a  slight  one  in  actual  time,  ia  of 
gre«t  iiTipurtaiict*;  fl>r.  while  ReichertV  otihii  has  no  trste  of 
an  embryo,  Uis'  ombryo  E  iwk»v«ws  ocnral  groove  and  loMst 
heart  and  yolk-sac,  and  hn.%  both  unnion  and  ullaiitois  well 
developed. 

H\a  has  attempted  to  bridge  oi'er  the  interval,  and  has 
given  a  sorira  of  diagnuoH,  reprodoced  in  figs.  180-16S,  show- 
ing liypotlu-l  ioal  iuiomiedint*'  stages. 

The  tigiircN  nTpn-si-nt  diagrammatic  longitudinal  sections 
through  ciiihrj'OHnt  succeiisiveBtageHnf  devett^praeiit,  and  sliould 
be  compared  with  Fig.  174.  which  represents  a  umilar  section 
tbrougli  Iteichert'sovum. 

In  Fig.  tS(i,  whiob  is  a  hypothetical  stage,  the  coaunenoe* 
ment  of  tlie  fi>rtnAt.ion  of  tht^  ombrj'ci  ia  indicated.  The 
eiubrymial  or  germinal  area  has  become  somowhaC  depressed, 
bilk  at  ita  anterior  end,  to  the  right  in  the  fignre,  is  lifted  np 
by  tlie  (Hiiinmencing  hwul  fold. 

In  Fig.  187,  aWi  a  hypothetical  stage,  the  general  depresgion 
of  the  embryonal  ares  lias  increasml.  the  embryo  being  pttahed 
dowD  into  the  blastodermic  ves>'**      '  fold  has  dm'jieDed, 
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and  Uic  hiNtd  end  of  the  emltrvo  19  now  more  promt  lu-iit.  ami 
raiBed  tUstiuctly  ftbove  the  yolk-sac.  At  ilie  binder  eml  of  iht 
embryo,  to  the  lell  in  the  Sgnre,  the  nobryoDal  area  still  pn> 
serves  its  primitive  conuoctloti  with  the  cliorion  or  wall  of  \he 
veaiclo.  The  bpd  end  of  tlie  embryo  la  coven<l  or^r  hy  tli« 
commencing  head  told  of  the  amiiion. 

Ir'ig.  188  is  a  somewhat  dingrummatic  eeottoa,  at  a  fltags 

Am 


Fm.  180. 


S.CA       Aoi 


l!i3' 


\-. 


Fie.  187. 


Via.  IBS. 


Fkm.  189-108.— Ul«gnmiiiiiLlolonj^ii»1inii]  vnotiwiA  thronpti  llamtn  Kinbryoil 
r«pTOf«nti.-ig  hjpot^atlaal  nage»  inicrmcillBt«  bK*r«ca  Bdclicn's  orvBi 
and  nil"'  Embrjos,  B  or  SB.    (Ftum  IIU.)     x  S. 

FiQ.  ISS,— SliowHtliocotiuatTiict^mvnloEUie  tivatlfoldof  tbeemlMjo.andotlho 

amnioo. 
FlO.  187.— A  mtlin'  laUr  Htiiire,  in  wbicli  the  vmbrfo  Is  (kiirnued  Into  tliB 

blii(t.'H)i>rnii(!  vi»iclu,  but  ulill  reimiiin  in  eomiecUon  with  the  wmll  of  Ilia 

vesiclf^  through  the  allutlolc  stalk.   The  dottod  linw  indicAte.  lin)oti>etl- 

colly,  llio  further  irmwlh  at  th«  aiuutoTL 
Pio.  ISS.^A  Intvr  nlatK,  ri{iitvit1<iii(   lo  (bat  of  llii'  cmbrfos  B  or  SB  (Fi|7 

ITS).     Tht!  a4iini£>ii  1*  cmaplou,  luid  iho  'vllLi  exieiid  tb«  wbolc  w«y  looiid 

I  bv  voolcio. 

flni. lunar  li^vrnl  tbeimnlan, or  tni« Munlnn.   S.Ck,Aittti  Hit  ret**MetlM  IM 

InturaciiciwIaoottlicunWT  lirTi^ttiewutiloii.    Jiih|0lk>4Wi 

oorreaponilinp  to  tlint  of  the  embryoa  E  or  SH  (Kg.  179).  'Hie 
^ungps  necessary  to  derive  it  from  the  stAge  elwwn  in  Kig.  187 
art)  very  lilight.  The  hinder  end  of  Uio  cnibri,-onal  ar«a  now 
foniifl  the  thict  allantoic  stalk,  connecting  the  einhr^-o  with  thf 
chorion;  and  «  tubulnr  diferticulnm  of  the  ventral  wall  of  tlu> 
hind  gut,  the  nllnntois  proper,  now  extends  some  way  along  the 
stalk.     Tlie  nmnioii  «xtend6  over  the  whole  back  of  theeiabrvu  ; 
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a  cbuQ^  due  possibly,  as  I*n>fes:M>r  His  eug^^u,  to  bocktvard 
growth  of  Uie  bead  fold  of  the  amnion  of  the  earlier  aUgee,  aa 
indicated  by  the  dotted  Unas  in  Fijr,  187:  bnt  mon- jiroIiBbly 
canscd,  at  any  rato  in  part,  by  appruxiniatJoa  ood  iiif<-titig  of 
the  aide  folds  of  tlie  amnion  along  the  mid-«1or^  line. 

Hu"  ^a^miQg  (Fififs.  IHH  to  188)  undoubtedly  give  an  inlal- 
ligiUe  and  consistent  tlimry  concerning  tlio  development  of 
the  human  t'mbni'o  from  tlio  trtage  indicated  by  Heicrh^rt'ii  ovum 
to  Ifaftt  of  th<>  i-mbrroa  K  and  SK,  and  it  is  greatly  to  b^  hoped 
tliat  opiKJrtunity  may  occur  for  testing  thoir  correctneait  by- 
Octtinl  o1»!on'ntion. 

If  tlio  tninsitioii  occurs  in  the  way  sufrgpftttnl  iiy  Profvsnor 
IJifi.  tbL-n  liciib  the  amnion  and  the  allnut^iis  of  tbo  bnman 
emlflryo  presont  features  diHering  widely  from  thoae  of  the  mbbit. 
Thft  amtiinn  Umn  no  Inil  foM,  whicli  is  nlinniH  tin-  only  pari, 
di<ve]uped  i»  the  rabbit ;  wbilo  the  allaniois  is,  fruui  the  tirst, 
continiion!}  «nth  the  chorion. 

I-lvci)  in  t)i<*  rabbit,  bowe^ver,  an  npproodi  is  nuwlp  towards 
tho  node  of  devt'lopment  of  the  allantois  sapposed  to  occur  la 
tlie  human  embryo;  the  mesoblast  of  the  alluitois  in  the  rabbib 
V'ing,  Irom  the  tirst,  continuous  with  the  tni-soblwt  of  the  tail 
fold  of  the  anmion  (Fig.  t4ti),  and  vetj  early  fa»ing  with  tho 
clioriou  OS  well  (Fig.  147). 

The  precocious  dowlopmcnt  of  the  sllantob,  which  is  oxte 
of  the  most  striking  points  abcjut  tlio  huinni)  r<tnbi7,-o,  may  be 
conneot«d  with  the  pn>«)ciou5  Bpp««ranoe  of  the  vaiicalar  layer 
of  mt-soblast  lining  the  bUistodennic  vesicle ;  and  both  featuroB, 
in  so  fw  «s  thoy  ar^  exccpLioual,  may  hv  rvgarclcd  a»  oxamplw  of 
the  tendency  to  abortening  or  abbreriation  of  the  processes  of 
developnifnt,  whicli  Lt  so  constantly  encountered  by  tl>e  stndent 
oroittbi3*olQgT. 

lie  mtablbhment  of  a  raacular  c>ounection  betm<eti  th« 
rmbryo  and  tlit-  chorion,  and  so  indirt'ctly  with  tlio  mother,  is 
the  chantcteritHic  feature  of  raamtnalian  development;  and  it  is 
not  Burprising  t»  find,  in  tbi^  most  highly  develop^  of  all 
Uammalii.  thi^  feature  thrown  bncic  to  an  earlier  gtogn  thnn  I  hnt 
at  wbidi  it  ori^nnnlly  ap])eared ;  and  hurried  oq  prematurely, 
evoQ  at  the  expcow,  as  it  wonld  eeem,  of  the  embryo  itaelf,  whoM 
dorelopmcnt  la  onamally  retnr<IfHt. 
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The  gcrmiool  Uyers  of.tho  humu  embryo.  But  UtUc*  cao 
Ve  aaid  on  tliis  poiot  nt  present.  Concerning  the  mode  of 
eatablishtnent  and  of  diflt-reatjalioii  of  the  germinal  lny&r*.  w« 
know  nuUiing.  lu  Kficliert's  ovum  the  outer  wall  of  ihe  vescl« 
con«i»t»»>raaingli!lByerof  o|MtIiL'liBl  cella,  which  from  Reicbeil'i 
fif^ures  app«i.i-  to  he  flflttoned,  or  pavement  celts,  and  whioli  innsi 
nimost  certainly  be  epiblastic.  Tlie  ct'ntral  mass  of  ckIIr,  form- 
iag  the  yolk-sac,  U  certainly  Iiypoblastic ;  and  so  also,  in  nil 
probability,  is  thi!  tbicU  illso  of  granular  ctdlsfomiiag  the  deeper 
layer  of  the  embrj'ona]  area. 

Wfaetbcr  me-^blast  is^  or  ia  not,  present  in  Heichert's  ovum 
is  a  disputed  point;  but  at  a  stage  not  much  lat^T,  in  tbt* 
embryos  Hand  SK,  Inyers  of  voscutnr  tn<>^b1ast  ore  preeont, not 
only  in  the  ombrro  itself,  but  covering  tlio  out«r  tuirfium  of  tbr 
yollc-itnc,  nnd  lining  tlie  ivall  of  the  blastodemiic  ve^:cK'  as  w^W 
(e/.  Figs.  182,  183.  and  184).  The  mode  of  origin,  aad  the  lime 
of  sppeai'uiice,  of  thv  ineKobtast  are  uiikiMivn ;  but  froui  tJie 
BtagD  represented  by  the  embrj'oe  K  nnd  HXi,  the  history  of  the 
layer  in  practically  the  name  a«  in  tliu  rabbit  or  chick. 

3.  Thft  Third  Week. 

During  tho  tliiid  wwrk,  the  embryo  actsuiiif^  more  definite 
form.  The  neural  canal  in  cloned  altnijr  iCe  whole  Iwiglh;  the 
brain  ve^cles.  optic  veiiicles,  and  auditory  sues  are  fonntfd  ;  the 
vi«ceriil  arches  and  clef^«  develop ;  and  Uie  liead  and  ueck 
acquire  their  chnmcteristic  embiyonic  shape.  The  embryo  ia- 
creaiiua  considerably  in  aiise;  the  constriction  bvtwefn  embiyo 
and  yolk-aac  becomes  much  more  marked  ;  and  towards  ibu  end 
of  the  week  tho  fii-sfc  rndinient«  of  the  limbs  ajipear. 

During  this  time,  dRVelopnient  pro<!eeids  ratbei'  slowly,  tie 
chants  paired  thruu^rh  in  the  course  of  the  week  oorreepoudiog 
roughly  to  tbaso  eOected  during  the  second  and  third  days  in  a 
chiek  embryo. 

Only  a  limited  number  of  embryos  of  the  thiixl  week  have 
been  descrilied,  not.  much  more  than  a  dozen  in  all.  and  only  a 
few  of  these  were  in  satisfactory  condition  for  detailed  exani- 
natinn.  Outlines  of  some  of  the  more  imttniianl  :q}ectiuei]£  tuv 
j^iveQ  iu  V'nf*.  139  to  li)-j,  and  mure  detaileil  drawings  do  • 
larger  scale  in  Figs.  106,  107,  and  198. 
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CiMte'e  embryo  (Hg.  1  Uti).  An  embiyo  deMribed  and  figui«d  by 
Coste,  about  the  prectM  age  or  wliidi  tiiere  is  sotito  doubt,  appears 
to  brlnii}^  to  \hv  cummvnoiMnt'ul  of  lb<*  lliird  wi>i'k.  The  irhoU> 
reside  measures  IC'2  iiini.  ulong  its  greater  (liauiel«r,  and  is 
covered  externally  with  shorty  nii^itly  brancbed  villi.  'Die  em- 
hryo  it  atbiched  to  the  iuoer  tturfocn  of  Ihr  rct^iclc  by  a  abort 


Fig.  im. 


Via.  190. 


Pio.  191. 


Km. !«. 


^^ 


^ 


V%a.  IXL 


rui.  11)1 


Flu.  lIHi. 


Fraa.  into  lIU.^OatlliM  Igniw  uf  •mo  Hnnmn  Bmbi7<«al  iti* tfcinl wMk. 
(Ifteinlllk.}     >fi. 

Tilt.  ISD.— Eiubr]v>  1«t4«rcd  by  Pinfuawc  Uto,  I^r,  and  estlniHtcd  ■«  llfUwa 

daj*  uld.    «y.  Fig.  I»T,  p.  4«K) 
Tin.  \90.~SmUjo  Mtttnei  Iqr  PcotoMr  UK  Sch,  wd  urtliBaled  aa  QflMB 

Ua^uld. 
Fifl.  lal.- Embryo  IMtend  br  ?rotaiMir  nu.  M.  ami  wtlnuued  m  t)0ti« 

Flu.  tU2-     Emkry»  ficored   by  pKiteMor  Allen  TbanwoD,  mmI  praUtbljr  kboat 

dtilrtccD  daj«  old. 
Kio.  1113.  — KoilHya  Icttcrod  by  l^rofoaMir  Hk.   BB,  &nd  oMinwIcd  Msbtnil 

viKhtecd  day*  old. 
KlO.  lil.— Bmbiyo  l<^ctcnid  by  frafoMor  HIn  Kla,  nnl  ntliiMLcd  u  about 

limMydaysoM, 
KlQ.  19iS  — Kmbrro  htitt'ml  tiy  rmfounr  llin.  Ijt.  and  wtimaMd  u  ttrvaty  or 

twenty-OM  (by*  old.    (f/ Ki|{.  IM.  |>.  191  ) 


thidc  allantoic  sialic,  A.a.  'tht>  bead  Pnd  of  tJie  embryo  is  well 
de^'olopl.>d,  aitd  raised  freely  abuvt*  the  yolk-«ac ;  but  the  body  ia 
■till  so  clasi-Iy  cunnected  with  ttie  yolk-««c  tbnt  a  dutiuct  yolk- 
stalk  cou  hardly  bo  staid  to  bt>  pn-twnt..  TIic  botly  of  tlie  embryo 
IB  eonoave  oi^wordii,  and  the  tail  haaa  well-tnnrke<l  upwnrd  dirM- 
tioa.  In  thp  iieok,  thnn-  ruoRml  aicfaea  an>  risiblo  iv»  thirken- 
iogs,  but  Om  grooves  between  yi«in  arp  only  fiuntly  indicated' 
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B<>low    titp  neck,  in   the  angia  bvtweeu    tli»  emtiryo  and  tlu* 
yolk-xac,  is  the  heart,  n,  a  large  tube  sharply  twifited  oc  itwif. 
B!ood-veBs«U  nn-  presetit.  in  lh*?  wall  of  tde  yolk-snc,  T3, 
aIoo  ill  the  allantoic  stalk,  fi-om  wbich  ltttt«r  tlioy  pass  into  tW^ 
wall  uf  tbo  blftstoJe-rmic  vesicle,  the  inner  layer  of  which  is  ra^ 


-IJ- 


.// 


Ks- 


FiQ.  196. — BninaQ  Embryo  nt  Ui«  coiniiienr«incnt  of  tlie  tbtrd  wc«k.     (I 
nix,  after  CMie.)     x  15. 

J,  iaiicr  iir  tni«  unnlai).    ili^  ftUiOtOla  (Utk.    O.itaiU     r.  til*M.ri»il  nlyoU  aa. 
i'i,  piiS'mf. 

cular  thivughout  its  whole  cxU'iit,  althoiigli  iIk"  blood-rcsscU  do 
not  pt-netrnte  into  the  villi. 

The  middle  purliun  of  (he  embryo  ia  clearly  divided  iirtoj 
jiTOboviJitebi-fD,  but  there  are  no  tmces  of  limbs. 


Xmbryo  l«tt«red  by  Professor  His,  IgCFiga.  189a]id  197), 
estiiiintfil  ;iK  iifli-rti  iln}»  old.      The  eiitii-e  biastodenoic  nisiclal 
111  Ibis  case  meaaares  IV  by  11  mm.,  and  ia  covered  with  villi, 
exceptot  two  patches  at  opposite  poli?8  of  the  vesicle.  Tlie  enibr%OJ 
(Fig.   197)  is  rather  closely  invi-stcil  by  the  nmnion,  A>",  and  Is  < 
connected  with  the  wall  of  tlie  veiiicle  by  a  short  thick  albintoJc 
Rtnlk,  TZ.    llie  yolk-sflc,  ys,  is  noarly  epheric-at,  nnd  abont  3  mta. 
in  diameter,   and   is  still  widely  continnous  with   the  reniral 
sttriace  of  the  embryo, 

Tit?  most  marked  fwiturp  in  llie  yi-ncnd  fomi  of  tin-  cinlTyi* 
i«  the  very  sharp  bend  in  the  iiiiddla  uf  the  back.  op|iosit«  tJie 
yolk-aar.  A  eitnilar  aud  (tqually  sharp  bend  has  been  notiotnl 
in  other  ombi^oB  of  about  the  same  age  {ef.  Figs.  190,  19S),  but 
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it  is  not  yet  oertaia  wbetlier  it  is  to  be  n^rded  u  a  normal 
foature.  Uis  has  suggested  tliat-  it  may  possibly  bo  csd^  by 
the  emhryn  ti>ii(liii|T  to  increase  in  lenf^h  inoiT  rapidly  thnn  ttie 
clD8<-iy  fitting  umaiun  m\\  allow  it  to;  tbo  ctnbiyo  ccnacqucutly 
becoming  bent  at  tlie  ]>We  wliere  its  ventral  irall  iB  weakest,  u). 
opposdtc  the  yolb-eac. 

In  tbe  he^l,  cranial  flexure  if)  well  mnrfeetl,  the  anterior  part 
of  tli«  head  beiDg  bciit  down  at  riglit  angles  to  tbe  hinder  part, 
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Fic.  IfiT-'-Ilnmiui  Etobrj^  letirrod  hjr  ProrMMii  lib,  Lg,  ami  c(tlin*l«i]  ai> 

nteept  ib«  ponlon  witb  wUdi  Ibo  allantoie  tiftlk  b  ooatlaaow.    (Fnn 
His.)     X  80. 

bMMhtel  (Mt.    BM.  <<)>aM»aiiuUr  iMk    MB-iiiniWIilM  ImW.    B,  kMrt.    n<. 


and  tlip  fbrf^bmin  being  in  roni^upnce  carrii'il  manil  tothe  ander 
surface  oT  the  head.  Tbi^  proniim-nt  augle  uf  the  hmin  is  romied 
by  the  mid-brain,  «M,  bc-hind  which  oomee  tbe  nearly  straight 
kiiid-tiniin. 

At  ihH  flidfs  uf  tbti  fure^brain  ore  latiiral  swelliagv,  caused  by 
the  outgrowing  optic  vesiolea,  Hut  tht^re  ia  aa  y^  no  trnoe  of  llm 
leuit.  Tfao  auditoiy  pit«,  ei,  aro  a  pair  of  shiJIow  df'proaHOns, 
with  widely  open  mouths,  at  the  sidps  nf  tbp  hind-brain. 
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At  ^fich  side  of  the  iieck  tlier«  are  a  couple  of  glit-ltke  ^ 
pressions,  iiM,  and  iic.i,  transverse  to  tlie  axii  of  tb«  frabryo. 
These  sro  tbv  tfxtvmal  grooves,  which  lie  opposite  the  fayooiaa- 
(liliulni- and  fir.it  hrancliifil  ^ll-|)ouche»,  or  <]ivciiicuia  frctn  thr 
phar,vn?c.  'J'Ue  epiblastic  gruovMi  and  the  currcspondiag  bvpa* 
blast.ic  phnrj-ngeal  poncbea  He  in  close  conlacC  with  one  onuthnr, 
but  do  nut  cunimuaicnbc,  so  that  thurr  aro  nt  this  st^);^  mi  ivm- 
pt<>t«  gill-clefta,  or  Actual  perforatioiiH  tn  tJi«  wall  of  the  mvk. 

The  hyoid  arch  is  t)ir  ridge  or  strip  (^  the  neck  \yiof 
between  the  first  biancliial  and  hToniandiLular  grooves,  nc.l  and 
HM.  The  maadibalar  ftrch.,  mn,  forms  a  much  inure  prouiinritt 
ridge,  in  front  of  tJie  hyomnndtbular  groove;  anc],  wedgt^  in 
b^tweeii  the  dor&al  eud  of  the  uintidibular  arch  uud  the  uiidrf 
Hurface  of  tlio  hund,  is  tlio  oomparnttvoly  euiall  naxfUaiy  arob- 

Thi>  ttomatodfeum,  or  mouth  depression,  is  a  Bball'jir  pit  oa 
the  under  aurfacu  of  tlie  hejid.  bouudwl  iii  front  by  ibe  head 
itself,  at  the  sides  by  the  inaxiUary  arches,  and  behind  by  tliv 
mntidibular  nrL-b(^s.  It  doc8  not  yet  open  into  the  fore-gnl 
(r/.  Fig.  232). 

'rill!  liwirt,  «,  is  Inrge,  and  lies  iiiiniediat*»ly  bi-low  the  biwa- 
chial  region  of  the  neck,  between  thia  and  the  yolk-^cj  it  iif* 
single  tiibr,  twisted  so  as  to  fomi  n  strongly  curved  loop,  with 
it.H  coiivtjxity  tywivrds  th©  right  side  of  the  embryo. 

Ill  the  body  region,  t]ie  outlines  of  Oie  !M>n)il<.-s  or  proto- 
vertebne  can  be  seen  tlirough  thf  skin;  about  ihlrty-five  i-w'^ 
being  already  present.  The  tail,  Tt.,  forms  a  proiuinuut  round'.  I 
slumps  aad  from  the  under  surface  of  ibi  bni-v  the  short  iJiick 
allantoic  stalk,  T/..  »rise.«,  vhicb  attacht^s  the  embryo  to  the 
cfaorion.    Thi^rc  is  as  yet  no  trace  of  the  limbs. 


An  embryo  lettered  b;  Profeuor  Hit,  Ir(Fig9.  lOo  and  I  OS), 
and  tstiiiiatf  d  as  twenty  or  twenly-ci'ir  days  old,  may  be  taken 
as  typical  of  the  condition  attaiued  by  the  end  of  the  tlilrd 
Waek. 

Apart  from  the  great  increnso  in  Bi2e,  best  seen  byoomparing. 
Figs.  189  and  IP5,  p.  487,  the  chief  jwintfi  id  irhich  Iheombnl 
Lr  diBera  from  the  embryo  Lg,  nre  :■ — TIu-  narrofring  of  the  yolk- 
stalk,  by  which  the  embrj-o  is  oeiiantted  more  mariccdty  froni 
the  yolk-sac ;  and  the  almost  comi)lete  diaappeorance  of  the 
•harp  bend  in    ihe  buck,  opposite  the  yoIk-«ac,  which   is  bo 


Fla.  198. — Bninan  Gmbcj'o  lett«nNl  'by  PtoTomot  Uia,  Lr,  and  twUmatad  M 
Iwoety  or  tweutj'-oiie  (lays  old.  rbe  riglii  ivftU  ot  tbo  pcricardinl  CAfity 
hAs  been  leuioiw,  to  pxpoee  the  heart ;  and  the  nr>enot,  tbc  rcricu,  Hnn 
the  hinder  part  at  tha  aUmentiuy  ouul  are  Tepief«Dttd  as  though  liiu 
umbryo  went  trannpannt.    (From  His.)     xiS. 

aipKln  ilio hfiAl  ucIl  A.3.tii[rii  umknMi,  In  il>i<flr>i  i»iui<-iiiiiUn'lt,  A.4.f»i'nli 
Mrtlt  tnli,  In  tlir  ktudiI  hniii'lilul  urrh.  A.O.  nnii  ui>nli:  ui:!;.  In  ihc  ttjtnl  (iiumJiIal 
■rclL  AA:  lUliuiii'li-  itntiy.  EJL  ■u'llti'Ti  x-li'ln  QH.  Ii""'  irit-  OT.  mM-tiiit, 
•HUluil  mltJ  till'  liJk-nlnH.  HM.  lijiiniiuuUlmlii'  rl.d  ot  fc-n:<.n-.  OF.  •-!'"■> "T  !■*». 
Sjk*  rliiljt  ifcLjj-k'lr-  HT.  lriiib.|i>  u-Ecrk'iu*.  RV.  vuiiTifL'Lr.  TA.  ilivi^n  K-uluru  of 
llliidvul.  Iij<<>  ii]liiut«lc  aUJk.  TL.  laiL  TB.  I'liiin.  fTZ.  ilUiitole  at^lk.  TA, 
•OtMnl''  vrln  VB.  onlfrtnr  rnftl'iA.*  n-iu,  VC.  l«4t*r<or  KnHun)  rilii,  TD.Cn- 
ritrton vilii,    W. ilWIiiio t*ii     rK.)ulkti*lt 


noogaiBfld  fairly  nccurately  throngh  tlio  skinj  and  the  pi-opoi-- 
tioQS  have  not  altere<l  very  (greatly  from  those  of  tUe  earlier 
embryo,  Lg.  Tho  axes  uftlio  foru-broia  aitd  uf  the  hind-braui 
ari>  still  at  right  anglea  io  eacii  otlii^r,  tfie  mid-limiii  forming  a 
immiiueul  rouuJenl  swuUiiig  «t  llieir  juwctiou.  TIib  fope-ldiiin 
is  iviiler  (rom  sido  to  side  Uian  before,  cwing  to  the  optic  venclos, 
whicli  project  outwurds  from  iia  sides. 
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tjie:  humait  ebebryo. 


Tlie  oiracWiy  pits,  of,  are  a  pair  of  sliallow  depressions,  on 
the  nnder  eurface  of  the  extreme  anterior  end  of  the  beiil. 
abuvu  thp  motith.  The  lens  of  ihts  eyo  li«8  not  yet  coomieocod 
to  form  ;  and  the  auditor)*  vesicles,  El,  are  now  a  pair  of  <!]<ieed 
sacs,  embedded  in  tlie  meaoblast  at  tlie  aides  of  tlie  liiud-brain. 

'i'hc  gill-clofl  region  ie  a  trisognlar  pntcli  on  eacli  side  of 
the  ayck,  -with  i\if.  ayiex.  direct«d  Imckwordfl,  and  is  botindod  both 
dorsally  and  vt*nlrally  by  sliallow  grooyea.  The  liyomaadibnlnr 
cleft,  UM,  and  the  tirst,  second,  and  third  branchial  clefts  are  all 
ropn-jwntcd  by  pfaaryagv^l  pouch«s,  and  by  oxterual  grocma 
corrraponiling  lo  them  ;  btit  none  of  tlie  clefbi  nre  nctOAll; 
perfumlcd. 

Tlio  stoiiiatodieal  pit  ie  much  deeper,  and  more  clearly  defirwd 
than  before,  owing  to  uprising  of  it8  lips:  it  now  opens  into 
the  fore-gub. 

The  lieart ,  ra,  rv,  rt,  is  larger  than  before,  and  its  sc 
divisions  aio  more  clearly  marked  off  from  one  another 
constrictions.  The  whole  heart  has  ehin«d  bmckwanlg  to  a 
certain  cxtont,  tho  g;n<atur  port  of  it  now  lying  behind  the  gill- 
cleft-  region. 

The  somites,  or  protOTerlebrie,  aro  more  distiuct  than  bpfow. 
A  pair  of  lon^todinal  ridgea  which  run  along  the  sides  of  Uic 
body,  ventral  to  thv  somites,  are  ajKikvo  of  as  tho  Wolffioa 
ridge<t.  Each  of  tJiesA  ridges)  is  more  prominent  at  two  places, 
opposite  Che  posterior  end  of  the  heart,  and  oppodte  the  allanlaic 
atalk  reep«ctivelj.  These  more  prominent  porta  of  the  continit- 
ons  Wolffian  ridgeu  aro  tho  rudimenta  of  tbo  armv  and  legs. 

-1.  The  Fourth  We*k. 

The  fourth  week  is  marked  bj'  a  great  increase  in  the  me  of 
the  embryo,  growth  being  relatively  more  active  at  thift  than  at 
any  other  period. 

In  the  early  part  of  the  fourth  week  (Figs.  100-2O1),  the 
flexure  of  hotli  lit'ftd  and  IkhTv  is  verj-  *ttron<?Iy  marked,  th* 
embryo  heing  rolled  up  on  itself  »r>  that  the  head  and  tail  touch 
or  even  overlap,  and  the  outliue  of  the  entire  embryo  betng ' 
appro ximatj.>)y  circular.  The  S(^^'eral  parts  of  the  head  are  mofe 
coDBpicuouB  than  before ;  the  visceral  clefts  aijd  arches  are  more 
clearly  deflued ;  the  nomr  and  ear  are  more  prominent ;  the  heart 
ia  very    large;    the  Wolffian  ridges   are   still  present  m  oon- 
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tinnoQS  stnict^ire*,  but  (he  «nliirgcini)nt«  of  tb«  rijgvs,  which 
becom«  I&t«r  Uie  amis  »nd  l«^,  ore  rAptdt^  iQcreaving  in  nixxt. 
Towimla  the  t-oil  of  the  fourth  week  (Figa.  202,  203,  204), 


ria.  100. 


Fio.  SCO. 


Kia.  SOI. 


Fio.  IDP-IOI.— Oaitlira  Ugamt  ol  thrM  llnnka  Kmbrjoc,  eattouitcd u about 
incutj.tlnvc  (UysaVl.    (Krom  HU.)     >  S. 

PiO.  lull.— Kmbrj'O  Sgani  and  dMoibed  bj  CMta.  For  a  Hsnn  of  th«  at*nu 

and  blMlndennie  YMido  from  «rUcli  tfaii  aiabryo  WM  obtauicd,  ace  Fig. 

SSG.  p.  «0f). 
PlO.  3^)0.  -Bmbrya  lett«ml  bj-  lYofunor  IIU  ■. 
Via.  tot.— Embryo  Sgund  Md  doMrtbed  by  Uitm  Tbomion-     Uv  a  ntttMki' 

of  tlie  cDgmvei^  Ibis  Ognn  baa  bem  ranirMil ;  and  It  b  reall;  the  rlfilii 

aide  of  the  embryo,  and  not  tfa*  Ml,  OM  it  •bown. 

tho  «tnbryo  acqainsa  a  rory  charact«riatic  form,  oorreapoiKlJng 
closely  in  shape,  in  size,  nnd  in  intornnl  Btrncttire  with  a  chick 


V> 


<y 


^ 


I'lO.  VJt. 


Flu.  soa. 


Floa.  iCa  and  fiAS.— OotUaa  AfraiM  of  tvo  Unnan  Gmbrrof,  wlldutod  a« 
tw«olf  ■tfeven  d^ra  idd.    (Prom  IU«.J      >>  S. 

no.  90>.— Bmbrro  Iclteml  bf  Profomr  Hla,  R. 
Via,  SC3.~Binb^o  l«tl«rad  t^  FK>fMw>r  Uta,  A. 

embryo  at  tlie  end  of  tli»  fonrth  day,  or  a  rabUt  embryo  of  tbo 
eleventh  day. 

The  embryo  (Fig.  204),  wbicli  ineasnrcd  7*5  mm.  along  itt 
longest  diameter,  is  still  stJ^>Hgly  flexed.  The  Uick  1b  rotbL-r 
Klnugfat«r  tJtan   before,   bill,  owing  U>  the  veiy  aluir^>  bend  in 
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of  the  hsid,  Bra  UngM*  and  cl^cpor  than  btiforo',  and  nre  Iwrdt^Tvil 
by  protnitient  lips,  with  tfomiin'hat  irregular  ontlJueH.  At  the 
tnnur  and  ventral  oomir  of  vnch  olfactory  pit  then  is  n  iiiiall 
but.  <leep  notch,  OJ,  ivitb  a  sbarply  defiDcd  border;  frotn  Ibis 
notch  the  orf^n  of  Jncobson  is  dereloped. 

The  eres  arc  very  mscb  smaller  than  io  a  chick  embTyo  at 
d  corrwpondin)?  stage  of  development.  The  Ien«  ia  present  as 
a  small  circular  pit,  with  an  open  mouth,  oc. 

The  nndiiorr  vesicles,  ei.  u|i]M>ar  from  tJie  (tuHaci^  an  n  pair 
of  rounded  swillinj^H,  jnat  above  thn  dursal  endti  nt'  the  hyoid 
atchM,  iir. 

The  visceral  ar<<hce  liacu  undergone  conBiderablc  niodilioa- 
tiou.  Thi>  max\\\nry  arch,  y\x,  liejt  iiniiiediAt«1y  behind  the 
eyej  it  in  larj^r  than  before,  bat  ia  atill  much  etnaller  than 
tin-  ar<.^h.-»  m-xt  )>eliind  it.  Tlu^  mandibiiEnr  arch,  MX,  i»  the 
lnr);a<it  uf  the  aeries,  and  is  iiartially  dividt-d  by  a  consiricti<»D, 
about  the  middle  of  its  leaj^b,  into  dorsal  and  ventral  purtiuiis. 
The  bvotd  arch,  IIV,  i«  ui-nrly  b«  Urge  iw  tlir  mandibular  arch, 
nnd  i»  also  con<rtricted  ncmRi  its  middle.  Ilie  Rrst  hranchiiil 
arcb,  liR.l,  lies  behind  the  hyoid  orcli,  and  is  of  nincli  smaller  size 
tJian  this.  A  still  smaller  second  branchial  arch  is  present,  Imt 
is  not  vi»iMe  front  the  surface,  being  overlapped  and  concealed 
bj-  the  fint(c^.  Kg.  230,  p.  o52). 

"With  ri'gard  to  the  viscrml  clefts,  it  in  jimbiihlw  that  noa* 
tu*  open  at  this,  or  indeed  at  any  period  iu  derelopment ;  but 
the  point  ba.s  not  been  detennin«d  witJi  absotnto  certainty. 
Behind  the  Grst  bninefaiat  arch  tJH-ru  is, on  each  side  of  thp  neck, 
a  de«p  pit,  the  siuus  prrecenicalis,  m.  This  ia  a  blind  |>oclcrt, 
(ef.  Fig.  S39).  fonned  by  a  process  of  teteacoping,  through 
whidi  the  hinder  pairs  of  branchial  archer  are  carrtril  rorirards, 
ao  a«  to  lie  l>-t%ve«-ii  tbo  luiterior  arches,  iiisteoil  of  Ix-hiud  ihecc. 
The  aintis  priivervicaliH  doet;  not  open  into  tlie  phan,*n.T  or  into 
any  other  cavity,  and  at  a  later  fitagp  it  is  oblitemted  by  fusion  of 
ita  anterior  and  pwiterior  walls  with  each  other  (r/1  Fig.  2tO,sr). 

The  raontb  (c/.  Vig.  21^)  ia  much  n'ider  from  aide  to  Eide  than 
in  thr>  earlier  stagm ;  it  in  bounded  in  front  by  th**  fmnlonAsnl 
proocfls,  at  Ihc  etdee  by  the  tnaxiltary  nrcbee,  and  Ix-hind  by 
tlw  mandibular  archca. 

In  the  body  of  th«  crabryo,  ihirty-fice  pairs  of  winiites.  or 
proroTCrtclne,  arx'  clearly  viaibh* ;  of  these,  mght  art-  oerricnl, 
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twelve  thoracic,  Hvo  luiabur,  fire  sacral,  and  G^'c  caada). 
tail  projects  freely  ns  ti  ttbort  conical  procesB. 

The  frtre  nnrl  hind  Hinlis,  LA,  lp,  ore  flattened  ha<U,  wit 
roanded  nmrginx;  they  are  aliout  ns  long  as  tbey  arc  wide,  imd 
eboiv  ns  yet  no  trace  of  a  division  into  eogtnents,  or  into  flngm 
and  toes.  The  outer  Riirfaw  of  c:icli  limb  ia  ita  oxteiuor  Burfw*; 
and  the  Jnuer,  facing  tlie  Iwcly  of  the  embrj'o,  is  the  Amot 
8urfaC4\  The  root  of  attschtnent  of  tbe  fore-limb,  or  vm, 
extends  from  the  RfVh  ccti'IcaI  to  tlio  second  t-liomcic  sootite; 
and  the  attachment  of  this  hind-limb,  fh>ui  the  fourth  or  fifth 
Innibar  ttoinito  Ut  tlie  third  or  fourth  sacral,  llie  'NVolffiaa  nigt 
connecting  tlie  arm  and  1^  of  unck  side  is  still  present,  bot  b 
inconspicuous. 

The  hmrt  iii  of  great  &i?je,  and  its  sererat  di^-isiona  can  be 
<-iiitily  recognised  tbrou^li  tLo  thin  wall  of  the  pericardinl  cavitr. 
The  liver,  wliich  tg  also  Urge,  formg  a  prominent  iwrlUng 
l^etween  the  hi-art  and  the  ibre-liiubs. 

The  yo^lc-sac  in  about  the  sise  of  the  head  and  neck  of  the 
embryo  J  and  the  yolk-stalk  U  now  long  and  slcader.  Ih*- 
inner,  or  true,  amnion  is  a  ihin  transparent  membranf*  whicti 
invests  the  embryo  rather  closely  ;  and  the  nllanloic  Blnik, 
wliicli  lies  to  the  right  of  the  tail,  and  to  the  left  of  tlie  jwlk- 
stalk,  is  about  2  mm.  long,  and  rather  more  thaji  1  tuin.  in 
diameter. 


u.  XhfiPifth  Week. 

Tiie  tiftli  wftjk  is  iiinrked  by  great  increaw  in  siie  of  the 
whole  ombryO)  unil  t-apt-i-iully  of  tlic  hciwl ;  by  farther  straight- 
ening of  the  back,  and  uplif^iugof  theheadj  by  thomore  definite 
formation  of  the  face ;  and  by  rajtid  Krovrlh  of  the  limbs. 

Tlie  cervical  Sexiire,  at  the  juaction  of  the  heed  and  body,  ia 
still  wry  conspicnoua, Hud  thraugliotibthegrent«rpartof  ilie  fifth 
week  tbe  greatest  length  uf  the  embryo  is,  as  in  the  fourth  week, 
a  line  drunn  from  this  cervical  prominence  to  tbe  sacra)  curva- 
ture. At  tb>L-  close  of  the  tif\h  week,  the  hi-sd  becomes  liftud  an 
more  markeilly,  and  lhi»  kngth  of  the  embryo,  about  \b  mm.,  u 
now  repreaeuted  by  a  line  drawn  from  the  lop  of  the  mid- 
brain to  the  eacral  cuno  (■/.  Fig.  211). 

Througlioiit  the  fifth  week,  the  head  of  tho  embryo  grows 
rapidly,  and  by  thu  end  of  the  week  it  forma,  with  the  oech,  about 
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lialf  of  tli€  entire  embryo.  The  shape  of  (lie  head  ia  suU  deter- 
mined almoet  entirely  by  tbo  brain,  ufwliich  the  scv^eral  divisioiu 
are  clearly  recognisable  trom  llie  surtACe.  Ail  parts  of  tlie  brotu 
iBOraaao  considerably  id 
tHzQ,  and  tnoiu  vsptvially 
tJi«  cereljml  lieiniapfaeres. 

Oaring  th«  fifth  week 
the  fhcK*  is  gmdunlly  ar- 
<(uiring  dttfinicv  fono,  and 
tl)u  reatiirvH  nre  becoming 
*>Btabli8lie(). 

The  olfactory  pits  deepen 
con«i<lembly ;  unci  (licir 
timer  and  oiit«r  borders 
beoonm?  rai^  into  pro- 
toinent  lipo.  Tlie  inner 
bordpra  are  fomifid  by  Uie 
latoml  uiAigiuti  or  the 
frcHito-naaa]  procosa,  which 
grow  oiit  OS  two  rogmlisl 
wjitgti.  rhn  pniceuus  globa- 
Un*  (Fijpj.  206,  207,  ko). 
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no.  205.  -  Uanmn  BnibrTo  ktlcioil  \/j 
Piufcswrr  Ilia,  B|f ,  rtnd  rvUraalcd  a* 


ihirtj-i«x>  or  itUity-ikna  cia)> 
{From  Hu.)     -  B. 


oUI. 


The  enter  bordew  ure  formed  by 
the  lateral  frontal  processsB,  wftich  sejtunile  tb»  olfactory  pitB 
frotri  tbe  i»yi-». 

T}it'  lom-r  tiuirg'in  of  each  olfooton-  pit  Lit  incomploto,  nnd 
Itetwecii  tlio  proc«Asus  globutaria  and  tlie  latei-al  fmntal  prucvM' 
therti  i.i  a  deep  nual  groove  (Fig.  206),  leading  from  tht^oirnctory 
pit  to  ibo  KtomitloiIiL-uiii.  Towanb  tht'  uod  of  the  lillli  wo«k, 
the  maxillary  archeit  (Fig.  207.  Hx)  become  more  prominent,  and 
growing  inwards  meet  the  procrssuii  globuUreH,  l^>,  imd  ftuw  vrith 
these ;  thus  bridging  over  Ibt*  iiussl  gnxivrx,  and  coni'erling 
lliem  into  short  tubes,  the  posterior  aahal  pasaages,  which  lead 
Irom  the  olfactory  pits  to  the  mnutb.  At  thr  same  time  the 
apertarva  of  the  olfactory  pits  become  narrowed,  to  form  the 
exlemal  nostribi. 

The  bridpe  of  the  ooee  is  formed  from  the  median  port 
the  fronto-nasal  proceM  (Figv.  2<tl>.  207,  vv).     At  the  oom- 
meDcement  of  the  fifUi  week  this  is  n  trjangnlor  area,  alightlr 
doprewod  below  the  level  of  the  surrounding  parts ;  but  tow-snls 
the  close  of  tJie  week,  a  blunt  process  appears  in  the  centre  of 
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die  wM,  Turmed  by  a  aa^tt&l  fold  of  itA  inrfiUH-.  and  gradiiAllj' 
grows  fopwai-ds  to  form  tlii>  bridge  of  the  ause.  Vor  antne  time 
the  nowi  is  very  sHorl  luitl  incouspicuoas,  ai«l  the  noBlriU  vorr 
I'lir  apart ;  but  towards  the  end  of  the  Becond  launl  li  (tf.  Vig». 
213  and  2M),  llio  iiosf  grows  forwiinlB  more  promineully,  and 
tbe  noxtriU  ore  brought  cloBtT  togutlicr.  Tbe  nlve  iui£>i,  fonniuff 
tho  outer  bordt-r*  ol*  tin-  noeti*ilB,  art?  deTelo|>ed  I'roni  tlip  latt-ml 
naaal  prooOMM. 

THe  moiitb  cliauges  its  sliopo  very  mnrkedly  during  the  fifth 
yivvk.     At  th«  bogluiiing  of  the  woek  (Kg-  ^oG.  ««>  it   is  a 


Flo.  soe. 


Kitj.  »: 


FO.  M^n—n»  sMmIkIi.  at 

nion  at  f r'  iCTmii 

:X,  inullUrjr  anlt-    OO;  Bf«- 


Flu.  80G.-  TliD  uudor  naboa  ot  Uie  li«ad  ot  ■  Elumuu  Etabryo  lettered  by 

rroranbr  UU,  Hn.  nod  tstlmatod  u  ftbont  iwiinly-ulno  dajs  old.    (Frotn 

Hl».)     *  Tfc. 
Via.  207.— The  uiidcr  vitrfiico  of  the  head  o(  a  Honuut  Embtro  latund  by 

ProtoMor  BIf ,  C.[  f.  and  MlJmjit«d  as  abont  thirty-fonr  dayN  old.    (FiomJ 

HI*)     >.  G. 

BB.  oNtal  banliplia*.    DB,  •tDOMnteuni. 
liTOduiinilllnilBr  cMl.    HIT,  rBU>illM]»r  mtvh.    a 

wide  opening,  e^iteodiii^  ti-ao^ventely  oci-oss  tho  under  mrtnoo 
of  tho  head  ;  but  before-  the  end  uf  tht-  w^ik  (t'ig.  2(17)  it  hoa 
become  givntly  reduced  tn  size,  by  convergesioe  of  th«  muxillary 
urclif»  itnd  thi;  processus  gl{>l)ul«ru«,  and  is  uow  u  uarrow  tratis- 
vorse  slit.  }]etwuea  the  majdllary  arch  and  the  lateral  OAtial 
proocsG  of  each  side  is  a  dcpn-seion.  tho  laerTmal  greoT*.  wUicb 
at  first  (Fig.  iOO)  leadx  into  the  gtomatoda'um,  but  wbich  on  tbe 
ooniplvtion  of  the  nariaJ  passage  opens  into  this  li»tti'T(Fi(t.  207). 
In  the  region  of  the  visceral  arches  and  clefts,  important 
cbaitgeH  (KTftir.  The  tendency  of  tho  anterior  nrcbes  to  gniw 
tfAckfrnnla  ov«r  the  binder  arch«a,  or,   as  il  may  bu  better 
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expressed,  the  telescoping  of  the  binder  archer  within  the 
anterior  oiies  {rf.  Fig.  239),  has  bern  already  referred  to.  At 
the  cud  oi  tb«  fourth  we«k  (Fig.  20 1).  11k-  M.->con<I  braDcbinl 
ikrob  \it  orerla]tp«d  hy  the  fint,  liR.1,  and  la  completely  ooitceftied 
by  this  iu  surlace  views.  Karly  in  (ho  tiflh  week,  the  seouod 
bmachtsl  arch  is  in  its  tarn  orerlsppod  by  tbo  byoid  arch  ;  and 
from  nbont  tbo  tliirtietb  Aay  oiiwhkU  (Pig.  2US)  the  only 
arcbea  vLiible  on  tht>  tiarfiuse  of  the  m-olc  lire  the  maxillary, 
mandibular,  and  bytndeui.  Behind  the  liyuideun  nrch  is  the 
deep  tisfiure  canoed  by  the  Binas  prtrccrvicalts  (i-j\  Kig.  2  iO,  »lj), 
which  ronitt  not  b(^  ini»tnk<^n  for  nvifwcml  cl^fV. 

During  the  fifth  wi-ck  the  borders  t»f  tbi-byomaadibalarclffl 
become  more  ]>romiDeiit,  &iid  gradually  give  rise  to  the  folds 
fromirbich  tbeextemaluaris  devolopod.Io  the  following  manner. 

.At  the  end  of  the  fourth  week  (Fig.  -Oi),  the  hyom.indi- 
bolitr  civil,  mi,  is  ti  dt-.-p  ^^'oove  botwevn  the  umudibuhir  and 
hyoid  nrobee,  and  running  about  halfway  across  the  beail. 
Ilie  mandibiiliir  nrcb  is  divided  by  n  slight  constriction,  about 
the  middle  of  its  length,  into  dunul  And  ventral  portjunB:  of 
lliene,  the  ventntt  ]>orlion  l>ears  at  i\»  upjier  and  p06terior  bonier 
a  eniftll  rounded  proce^,  well  ehown  in  the  Hgnre,  and  named 
tbt'  tutereolam  tngioom ;  while  t  hv  dfirsal  jK>riion  of  the  arch, 
to  which  tbo  reference  line,  M.N,  ruuti,  ia  the  tuberoulum  anteriu 
halids.  Uppo»te  the  dorNiI  end  of  lU'-  liyomiuidibular  cleft  is  a 
InngiMidiiiul  ridg«,  tha  tabercalom  iatdnnddinm  htUdJ. 

The  byoid  arch  is  dirided,  by  two  transverse  constrictions, 
into  (loTMtl,  iiiiildb',  und  vi^ntrkl  lolje^t :  of  tbir^-,  i\to  tlomnl  lobe  \» 
uumed  the  tuberculiUD  aotlieUcif ;  ibe  nuddlo  lubt',  to  which  the 
reference  tine,  UY,  in  Yig.  201  runs,  iit  tbe  tubercolnm  aatt- 
traglcum;  and  the  vi-nlral  lobe,  which  is  the  smallest  of  the 
thre<\  is  ili<>  taberculnm  lobnUre. 

In  the  course  of  the  fifth  wcvk,  them  swellings  nssuine  more 
definite  form,  and  gradually  gtre  vise  to  the  »evei-al  irarts  of  1  lu- 
external  oar  or  piiiiia.  'llie  Inberculom  nnteriiu  helicid  (t^. 
208,  x),  and  tuhercnimn  intertnedioin  (3)  uoite  togetW,  and 
with  a  vertical  ridgi',  tlic  caada  (u^),  which  arises  atoog  Uic 
postcriiiT  bonU'r  of  tbe  hyoid  arch,  U>  fonn  the  llor■(^^ott  shaped 
marginal  rim,  orb«Ux,oftheear.  lliaventml  endsofthe  hyoid 
and  innndihular  arches  fnse,  and  so  give  niort*dcfinito  shape  to  tbo 
bvoiiitiiulibular  clt-n,  which  bitli-r  bi-Ci-tm-"  ihi-  I'Xtemnl  auditory 
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meatus-  Ttw  luberculum  lobiilare  (6)  fases  with  tlio  loirpr«od 
of  tiifi  cituda  h«lici^  (I''<^-  -^^)i  ^^^  ^t>  ft  ]»t«r  stjigv  grxrt 
ventral  wanls  to  give  rise  to  tlie  lobule  of  the  ear.  The  tuherculi 
uutliolicie,  tmgiciim,  nn(Inntitra^cani,givfl  rise  tothf>  antiheltx, 
tragus,  luid  nutitraguii  n-i^iiL'clively  of  thu  adult  ear. 

Thfl  body  of  tlie  embryo  jiresent*  no  exteroAl  clianu7t«n »/ 
special  interest  during  the  fifth  week.  Owing  to  the  tucnvsinit 
thickaes!*  nf  tlir  ii]ii:icalar  and  connectivp  tis»ne  walls,  the  ocl- 
liiics  of  the  internal  organs  aiv  !«««  distinctly  eoeti  from  lie 
suriace  than  in  the  earlier  stages. 

The  limbs  iiodergo  important  rhan;^  during  tbp  W(*ek,  ud 


Fib.  80S.  FlU.  209. 

Pia.  909. — The  Icfl  cnr  of  n  lluitiiui  Kmbryo  l«'U4>nxl  by  Protestor  Ub*  O^t 
•ad  Eoliiuixtol  lu  tliitty-Dvc!  da;*  old.     (Fium  IIU.)      x  20, 

FlO.  209. — Tbv  Ictt  car  of  u  HiininD  Iftobryo,  loltcictl  by  Prfrffunor  Bi^.  Dr. 
unil  eHUmntuil  sa  Lbirtj -ei^-hi  rinys  nld.    (Krum  His.)      x  20. 

Binltain  twlii'i*.     i' unil  r.  iHiula  luU.-liL.    I   liiTinriiilni*  ■nlhllnlii      1,  IiiTimmIiimi  aiiii 

trurlriiiii.    <S,  lll1J>'^'lIlll»l  luliulnir. 

aObrd  roady  meana  of  determiniii**  t,he  age  of  the  embryo.  In 
the  I'firly  |>art  oft  he  (iflh  week  thoy  become  divided,  first  into  two 
then  into  three  segments.  By  the  middle  of  the  week  thbt 
diTisioii  iH  ivell  marked,  the  t<.Tiiunal  t«.-j^ient&,  V,tt.  the  iuuuls 
and  feot^  lurming  brood  tinttened  terminal  plates,  with  fm 
rounded  margins.  A  day  or  two  later  (Vig.  2'>5),  a  (li^tioction 
rippeors  in  the  hiind.  between  a  more  swollen  basal  part,  and  a 
thin  fiattenod  marginal  part ;  and  towanhi  the  ctoee  of  the  week 
the  first  trafes  of  fingers  appear,  as  small  lobee  at  tli©  bonndarv 
between  Ibo  ba-^al  and  marginal  portioQN,  which  soon  extend  lo 
the  free  edge,  but  do  not  project  beyond  this  until  the  aixtfa 
we«V. 


TIIK   Flpni   WEEK. 
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The  biod-limb  Is  slightly  bcbiod  tlie  tor^Umb  in  its  develo]>- 
mprtt.and  At  lira  ead  of  the  fifth  week  the  toe^  are  only  just 
»mmenemg  to  appear. 

The  fore-  and  hiud-linibs  of  each  side  are  si  ill  c«U]L>clcd  by 
a  ItfW-  and  incoDSpiouou*  Wolfliim  rid^.  Dating  the  fiftli  w«ok 
tho  tnil  (Fig.  205)  ia  more  oon»picDous  thaa  nt  any  «th(M>  stage 


Uv. 


^Bb^^ 


^'^ 


Fiu.  210.— A  I'mgnut  UiMiu  ot  abuiit  t]iu  furtlcUi da j.  The  ntenu  hat  been 
OMMtl  tmw  ths  ronlRil  aarfa»,  aad  Uh  daddua  nllMa  aod  diocios  oat 
through  bjp  a  cmtM  Ibciaton,  uid  the  llapa  tfua«il  wiLda  U  axpoM  tha 
emtirjro.  Tbo  omhijo  u  *tlll  Lncloirf  In  tba  nnuitoti,  and  tha  amall  ^olk- 
uo,  vUb  ltd  long  M«lk,  w«  Mcn  lylns  between  tha  aaiAloa  and  tha 
alidrioai.  At  tbe  upper  {*rt  of  Ibe  Bgnrv  tbo  apwions  of  Um  Palloptaa 
lobe*  m  Mvi.    {fnm  KSIItkvr,  ntXvr  Cwt*.)     >  J. 

ill  deri'IopiAAnt ;  it  i*  n  thin  poinlod  projoctioii,  timially  bent 
either  laterally,  or  hackwnrds,  by  the  preawtra  of  adjaceDt  part*. 

0.  The  Sixth  Week. 

Ounii^  Ui<-  sixth  week  tbe  emhiyo  inontMa  in  siie,  tboiigh 
not  8o  nipidly  ua  in  iho  eurUer  stages.  At  the  oomtnenDCQicot 
of  ibo  w«vk  it  is  aboqt  15  mni.  long,  luid  nt  the  close  sbont  I!) 
or  30  tntn^  but  thv  naVui  BUHOMDUHitA  depend  mth<.<r  on  thfi 


S02 


TltK   IIOHN  EMBBVO. 


dcgrei!  to  which  the  bead  is  lifteil  up.  by  atraightf-niDg  of  tl 
cervical  fiexurc,  thau  on  &iiy  real  iocrcas*-  io  tbn  diini-iisina*. 

l^ic  position  of  ihn  embrj'o  within  the  atenis,  about  the 
fortietJi  day,  is  showu  in  Fiji;.  210,  The  embryo  is  cunriecied 
wilh  llif  |>laceiiU  l»y  ii  iliick  jillautx>ic  stalk.  Tht-  yolk-stalk  i* 
long  and  thin  :  it«  proximal  part  ix  booiid  up  nith  the  allantoic 
etalk  in  a  sheath  firmed  round  both  by  the  inner  or  trut^  am- 
nion ;  whih;  its  distal  portion,  niding'  iu  tiit'  small  yolk-sac,  li*« 
betw«ei]  the  amnion  atid  the  chorion.  The  amnion  is  a  tnaiB- 
parent  boc  somt-  di&tftnco  frotti  the  embryo. 

The  embryo  itficlf  in  rapidly  a'u^nmiiig  more  definit*?  i-hnpc, 
voA  hy  tlw!  end  of  the  week  is  Jistiiiclly  human  iu  appearance. 
Owingto  the  thickoniiig  of  the  muscles  and  of  the  subcutaiieons 
connectiTe  tissue,  and  the  formation  of  skeletal  eleincnt«.  tlic 
shape  of  the  embryo  us  a  whole,  ami  especially  of  the  Itejtd,  is 
much  lens  d<>pt>ndetit  on  the  internal  organs  than  in  the  ftarlier 
stagf^. 

The  head  is  atill  of  great  size.  The  face  ha£  tnadv  coaeidciv 
able  progrc'SK,  and  the  ft'ndires  tav  now  well  eft/iblishcd.  Tli« 
nose  h  laigur  than  l>efore,  hut  is  still  very  broad  and  flat.  The 
eyelids  are  couiuiuncitig  to  form,  as  folds  of  skin,  ubove  and  below 
the  eyes.  The  lips  apptyu*  aa  folds  at  the  margina  of  the  jawB, 
bat  only  reach  a  small  development  during  the  sixth  week  :  the 
red  ridge  of  each  Up  lui-tes  indi-p(*nduntly,  and  not  uutU  a  much 
later  period  ;  abont  the  laiddle  of  the  thii-d  mouth. 

Up  to  the  end  of  the  fifth  week  there  iH  a  distinct  notoli  in 
the  mi'dian  plane  where  the  two  niandibnlar  arcliHs  meet: 
during  thi^  aixth  week  this  notch  is  gradually  filknl  up,  aod  tbe 
chill  formed  ».■•  a  im-diati  projection. 

The  ejctymal  ear  niaka^  cojisiderable  progress  during  the 
wee^  (Fig!*.  200,  21 1),  nud  by  ita  close  the  relations  and  proi«or- 
tdoBS  of  the  Boreral  parts  are  readily  comparable  with  thow  of 
thci  addt. 

.4part  from  tbc>  eiriemal  auditory  meatus  and  the  external 
esr,  the  visceral  cUtU  and  nrcbes  are  no  longer  recogoisible. 
The  Htnuii  prfocerviealiti  has  closed,  and  the  ntvk  i«  bt^comin^ 
established  as  a  er>nslricted  region  Ixrtwpcn  the  head  and 
trunk. 

The  liinbt  have  increased  considerably  io  size,  the  npper 
arm  and  thigh  In  particular  being  much  tongt?r  than  before. 


'niE  SIXTU  WKKK.  80i 

"Hie  fingers  project  beyond  the  margin  of  the  huid  by  the 
middle  uf  tii«  alxtii  week ;  oad  tli9  toes  become  clearlv  esta- 
blished, altltougti  tbey  do  not  reach  rhe  innrg^in  of  tbe  foot  until 
tite  L'urly  part  of  the  seruuLh  wnak.  The  elbow  and  knee  project 
otitvr«rds  at  fir«l,  but  towards  the  end  of  the  sixth  wivk  the  Htobi 
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FlU.  111.  -HiuBiu  Kmbrvo  Bbont  tliw  nUltUa  of  the  iLnli  wMk. 
(FroinlUs.)     x6. 

become  rotated  so  u«  to  lie  alongaide  the  body,  the  elbow  bein? 
dtrectod  backwnnlfi,  aod  the  knev  forvrnrd^. 

Tlic  t«il  i*  less  conspicooas  thaa  before,  <uid  owing  to  tbe 
giofftb  of  iuljiiceni  parts  is  gradniklly  bfcomiug  incorporated  in 
tbe  body. 

7.  The  Second  Hoiitb. 

At  lliH  fiid  of  tlie  second  month  the  embryo  measaro*  from 
25  to  30  luni.  in  length,  and  weighs  from  12 1^  i(^  gnunmes. 

The  cenrical  Bexore  liao  almost  disappeared :  the  head  is 
welt  IIAetl  up,  and  is  still  of  very  lar^re  siie.  fonniQf;  nearly  half 
tlie  cntiiv  embryo.  The  vycliilts  nose,  lipe,  aad  oxt«'ninl  enr 
luivi>  alt  made  oonKdcrabU'  iwlvuncc;  tbi>  nose  is  fttill  broml 
and  Oat,  and  the  itoat  .  though  much  ctoaer  than 
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before.  The  median  part  of  the  upper  lip  is  formed  by  the 
.two  procfflBus  globnlares,  which  meet  and  fuse  shortly  before  the 
end  of  the  second  month.     The  cheeks  are  now  well  formed. 


Fig.  212. — Uaman  Bcobrj'o  at  the  end  of  the  second  month. 
(From  His.)     x5. 


The  )iml>9  project  some  distance  beyond  the  body  ;  and  the 
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fonj-liinb,  wliioli  is  still  tbc  InrgM*  of  the  two,  h»»  Uic  gluinn-- 
terislic  diapo  of  the  liuman  arm.  Tk«  tliutub  is  eleariy  marked 
off  from  the  fingen,  utul  rlie  tlulKud  KWplliuf;  at  tbc  ibonldfr  is 
ninmly  prominent,  'flic  leg  is  stnnllcr  tli&u  lliu  ami,  and  is  so 
i]iruct«d  tlint  the  eotoa  of  llio  feet  aiv  apiiosed. 

The  iiMlt  is  treli  mwlted,  thoupli  :*hort.  The  ventnil  wall 
of  the  bcidy  is  cuiiiplet«ly  formed.  'Ilie  umhllical  cord,  nhicli 
Attaches  the  embn'O  to  the  placenta,  le  nboat  S  or  10  mm.  long ; 
it  iH  tm  ft  nilo  Ktrni^Iit,  lint  iiiny  bn  slightly  t*i«I«d  od  itaelf. 
It  informed  by  tlifi  altnittoicBtulkaud  yotk-slalk.  bound  tpgetbar 
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Fio.  SI8.— Ucad  ot  a  Itimum  Ruibmi  at  tba  rad  of  tbc  irrciitli  WM-k.    HK, 

cxWfaala'iililoTv  miuUtii.    (Fnin  Hii.)     xA. 
KIU.3L4.— Bdidofallatxafi  tlnhrrDat  Ih*  «ad  «( tba  «c««irf  noMh.  (Fkhb 

llw.)      kS. 

bj-  tlie  amnion,  and  it  ittill  pootoius  at  ita  base  a  loop  of  tlie 
iutratinc. 

From  tbi*  «iid  of  tht*  second  moittli,  wbcn  the  deltnite  huinan 
form  is  c«ubU«li«d,  up  ti>  llm  time  of  birth,  it  isenMomaiyto  oh 
the  term  frirtua  Iq  place  of  embryo. 

8.Tli«Thinll[ontlL 

At  the  fud  of  the  third  month  tlie  faHus  meoMires  about 
7  cm.  in  It'ogtb,  orlMo  lOcu.  ifthe  legs  be  included,  nod  weigha 
from  100  to  I2J)  imiiiimo*!. 

Tl  t^  relath-olyto  Ibereetoflho  bodr. 
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but  not  nimrly  no  much  so  as  in  the  Rurlier  stages;  the  lips 
and  ryi'lidH  art-  closed,  oiid  Mif  helix  of  the  ear  is  folded  down 
so  KK  tn  nlmo8t  cinse  the  ii)Kkl.ui>.  The  neck  is  lon^r  than 
Itffoiv.  'tho  limbs,  though  email,  h^vci  ftcquinnl  tJioir  d^Biiit^ 
fihiipo  and  proportions;  and  naiU  nre  present,  as  tbin  platen,  on 
both  fingers  and  \ov».  The  iatv^unifnt  is  slightly  lirmer  tbau 
Wfort>,  but  is  «ti!l  vpiy  tliln,  tmiispareiit,  and  nice-coloured. 

Up  to  Ibisstugi-a  tixipuf  iheinU'Sline  hati  been  situntcd  in  tlie 
allantoic  stalk,  and  therefore  oatside  the  embryo;  but  tnr  the  end 
of  the  third  010001  this  Idoji  in  withdrawn,  and  the  nhole  lOitneti- 
tary  cftiiaL  which  has  iticrojued  gnjiitly  ia  lengUi,  is  fi-om  this 
time  8itn»tt.-d  within  the  aLdomiiial  caritj. 

Durinff  the  third  month,  the  external  genit«l  organs  Ijecoine 
cstttblislied.  The  history  of  their  d<ivt'lopnieiil  will  be  given  in 
tJii'  section  defiling  with  the  argaits  of  reproduction. 

9.  The  Fourth  Month. 

At  the  eiLd  olllic  toiirth  month  the  foBtns  mcMurcB  12  to  13 
CDi.  in  lengtlijfmm  tlie  vertex  of  the  head  tothe  coccj'x;  or  from 
16  to  20  cu.  if  thi-  K'gx  be  iuc1ud^-i3.  The  weight  is  usunlly  Irom 
2!J0  in  2(30  grammes. 

The  Kkin  is  of  a  rosy  colour,  and  is  muoJt  firmer  than  liefure. 
Short  whitiflli  haiii;  appear  on  the  head,  and  a  Blight  down  011 
other  pitrts  of  Un- l>nly.  'I'lie  cVi-IiiU,  iiosbriU)  and  lijw  are  all' 
cloaed.  The  chin,  which  ban  hitherto  been  inconspicuous,  bepus ' 
to  become  prominent.  Tlie  Ifgs  and  arms  are  of  about  eqoat 
length  :  and  tho  extui'unl  sexual  characters  are  nsttnlly  well- 
marked. 

The  autis  \»  open,  and  the  duodenum  contains  meconiatn  of 
a  light  greyisb-whitt;  colour.  Thi-'  nmbilicoa,  or  pfiint  of  origin 
of  the  umbilical  cord,  is  low  down,  close  to  the  pulses.  In  the 
Bknll,  the  bones  are  atiU  far  fi"om  meeting  one  another,  so  tliat  the 
sutures  and  foutanellcs  are  very  wide.  The  niusclrs  are  more 
fully  developed  flmu  bttfore,  and  may  give  ri»o  to  distinct  move- 
ments of  the  fcetua.  In  alxirtioos  at  this  peiiod  the  fcctus  may , 
live  for  some  hours. 

10.  The  Fifth  Month. 
By  the  end  of  the  fifth  mouth  the  fretus  meaani^s  about 

20  cm.  in  lengtli ;  or,  if  the  legs  be  included,  2o  to  27  cm. 
The  average  weight  is  about  Half  a  kilogramme. 


THE  FOURTH.   BtTn,  AND  SIXTH  MOSTn.-*.  COT 

The  ekio  b  inore  consistent  than  before,  sod  prevents  oa  it» 
eurfaoe  at  certain  placea  small  patcheB  of  solnceoos  matter. 
lUJrs  fiTw  mon"-  fxtcnsively  devolopwi  than  boforc,  b«t  an  still 
duroid  of  any  distinct  colour.  Tlir  legs  are  now  locgpr  thau 
ihe  arms,  and  tliv  naiU  arc  well  foniicd.  The  unibilicuB  U 
riirtiiL-r  fom-arcl  than  in  tho  prvcediog  inouth,  and  ia  now  aotne 
distiincc  in  front,  of  tbi'  palra. 

The  head  is  Htill  vciy  large  in  ptvportion  to  tho  other  parts. 
The  Iieiirt,  liver,  and  )ci(Iii<>y»  ore  a\»n  cli9[ir(iportionntfh- lar^. 
11)8  Bjuoll  tDt«aliuL>  coutoins  mecouium,  wtucb,  fiwiuj;  to  Uip 
aecretion  of  bile,  ia  now  of  a  pale  greenisb-jellow  colour.  Tlie 
gmH-bladder  is  of  eomo  aim*.  Ossification  bna  cDmincnMil  in  tlic* 
pubea,  and  in  tha  <b  calcis. 

11.  Tba  Sixtb  HoBth. 

Thf  ti^'l.-il  length  of  tlid  foetus  at  tlia  end  of  tlie  sixtli  nuntlli, 
mesaured  fHnti  lIip  vertex  la  the  heeh,  is  from  30  to  32  cui. 
The  weight  ia  very  variable;  its  average  amoant  is  aboat  a 
kilo^ranim^. 

The  skin  ift  of  a  dirty  rt>ddi&h  cnlonr.  and  much  vrinlcli<d ; 
it  is  covered,  at  any  rate  iu  the  axillit  and  groins,  with  a  seba- 
ceous deposit.  The  hairs  are  more  stroDgly  developed,  and  of  a 
dark<?p  colfinr  than  Iwfoiv.  Brith  eyelasbea  nrd  i-yrbrowg  have 
comin<*nrfd  to  appear. 

The  umbilicu.'i  is  still  further  forward  than  befort.*,  and  tho 
AtMoniuin  in  tlie  intestine  is  darker  and  mon'  viacous.  The 
teifteK  of  tho  male  liave  not  yet  descended  into  the  scrotum, 
but  an)  situated  within  the  nbdoininnl  cavity,  lying  on  the  pooaa 
masclea,  immedtati^Iy  b<diind  the  kidneys. 

The  Btomam  i»  w«ll  derelopt^d,  and  has  commenced  tooniA*. 
Thi!  units  reach  to  tin*  ends  of  the  lingi-rv,  and  extend  about  a 
(]uar1fr  of  tlie  way  round  then. 

12.  The  Seventh  Month. 

The  total  length  i»f  tlie  fcr-tas  nt  the  end  of  the  soveath 
month,  meosnred  from  the  vert«^x  to  the  he4>U,  to  about  S5  or 
SO  cm.,  and  the  weight  averages  aboat  1^  kilogramnic. 

Tlio  akin  ia  otill  of  a  dirty  reddish  colour,  bub  itoi  to 
dark  an  before.  There  is  an  increoaed  dcpoett  of  fat  in  tlui 
cellnlnr  tissue,  causing  the  body  to  apjtear  more  planp  imi 
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rrmnd.     Thu  linii«   nw  |)leutil'ul.  niul  about  5  or  (i    mm.  in 

IiMlgtll. 

Tbe  Hfiveral  bouea  (orming  tho  roof  of  tlip  skull  l)eoome 
strongly  convex,  the  central  portion  nf  caeli,  from  which  ossifica- 
tion et«rt8,  forming  a  very  evident  prnmim-iicc  The  eyelids, 
wbich  havt  Vnn-n  dosi-d  since  tvnching  their  full  size  in  the  fourth 
month,  now  open. 

The  whole  of  tho  large  intestine  is  fillp-d  with  a  dark  oliriv 
given  riscoiiH  meconium.  Tho  liver  is  slill  vory  lorgu  relntirely 
to  dtp  whole  tNxiy,  and  is  of  n  deep  brownish  re<l  colour. 

11i«  t4.-h*l«3  huve.  itB  u  i'uli>,  dogcoiided  U8  fnr  as  tho  inguinnl 
ringB,  and  may  even  have  entered  tho  inguinnl  cnnala. 

'ITiu  end  ol'thi*  sevt-nth  month  ixofintvretrt-.iut  being;  pcrhApa 
thei  ftftrliest  pi^rioil  at  wliich  the  fiBtna  can  be  born  with  uny 
ren*oual)]t?  chance  of  aui-viviug. 

13.  The  Zighth  Month. 

During  the  eighth  moni.li  ihiy  increase  in  hnlk  ia  more 
mnrkpd  than  th.it  iu  length.  .Vt  the  eiid  of  tliB  month  the 
total  length  of  the  fittuB,  from  the  head  to  the  coccyx,  is  atwut 
28  cm. ;  and  fi-otn  the  head  to  tho  hccIs  about  40  cm.  Tho 
weight  varies  from  2  tti  2^  kilogrammes. 

Tho  skin  is  of  a  brighter  Hesh  colour  than  before,  and  ia 
covered  all  over  with  the  scbacwus  deposit  known  as  *  vernis 
casi^oaa.'  This  eubsiimce,  which  uniuilly  iiiiike^  it^  appearance 
about  the  middle  of  gestutioii,  was  funuf  rly  considered  to  be  a 
deposit  formetl  frrnn  the  liquor  nmiiii,  but  appear^i  mther  to 
coDHirtt  of  matter  formed  by  the  cutaneous  glands  of  the  rnfttis, 
mixed  with  dead  (-pitheiial  cells.  It  vanes  much  in  quantity 
in  dlEfcrent  case.s,  and  ia  alvrnyii  mon^  nbundani  in  certain  situs- 
tiouH,  mitably  the  head,  axilhc,  and  groins. 

The  chin  is  now  far  inore  prominent  than  heforOj  the  lower 
JEW  equalling  tht*  upper  in  length.  One  of  the  testes,  nsually 
the  let^  one,  hai^  passed  through  thu  inguinal  canal  into  the 
soroiuu),  white  the  other  iis,  us  a  rule,  .still  in  th.?  >-unnl.  ITu-re  is 
no  oBsiBcation  in  the  lr)wer  epiphy^ii;  of  the  femur. 

U.  The  Ninth  Month. 

At  the  fall  time  che  t'rctus  measnree  about  35  cm.  from 
head  to  tb<>  coccyx,  and  oO  cm.  from  tbo  iicod  to  tbe  heela. 
The  weight  is,  on  the  nvnmge,  from  3  to  3J  kilogrammes. 
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'llic  t^kin  is  paler  than  b<>fon>.  Ilie  HulxratAiteous  connective 
ti.ssm*  is  fiUtNl  wilb  fat,  giving  roimdiwas  iuid  firmueHS  to  the 
biMly  and  liinl>«.  Tlie  lutir  is  tliick,  li>i>^,  uud  fairly  abuiidiuii 
un  tlie  Iiond,  u'liilu  tli6  duwn  ha«  be^un  M  dieippciir  from  th^ 
[body. 

Tho  unibilicHS  is  ithnost  oxnctly  in  rhe  middle  of  tin*  bodj, 
or  Hlijfhllj-  1>ehind  this  point.  Both  t«Bt«s  are,  as  a  rule,  in  the 
HCrutiim,  wbii'h  has  nuvr  n  corrii^ttM^  ^nrtnce. 

Oa&ificati«ii  ha«  commt-nwd  iu  tfau  coutro  of  the  carliluj^  at 
tb**  lower  end  of  ihr  femur.  Thia  iit  the  firet  epiphyitiiilMMifica- 
tion  to  Apyvar  in  th«>  body,  and  in  often  tlit<tinlyoui>pre«(<ntut  fall 
time.  Oiuiri4.-alioii  ha.*  sometimes  coiiinienced  in  the  proximal 
epiphytes  of  tlie  tibia  and  humoros  ;  hut  while  the  pru«eQCc  of 
those  centres  is  a  sure  sign  of  full  tinio  haria^  been  reached, 
their  abBencL' doua  uoi,  without  furtlier  evideno*.  indicate  piv- 
malUTO  delivery. 


: 


DEVELOPMENT  OF  THE  NERVOUS  KYSTEM. 

'Ilto  general  hlstoiy  of  deveJopmeiit  of  tlie  bmitan  nervontt 
ijstiMU  is  tlio  HAtne  u  in  oth^^r  V(«rtobnt«M.  Certain  points, 
Wpeciaily  iii  connwtJoii  with  the  lirain,  will  require  detailed 
notice  ;  and,  with  Kgard  to  llio  liistologii^l  derclopniont  of  the 
uerroiifi  t-lomentA.  recent  reeearchea  hy  Uia,  and  other*,  bare 
'ibown  tlint  human  embryos  are  w«ll  suited  for  the  moBt  miaote 
invcfitigatiuus. 

1.  The  Brain. 

a.  OcDcral  account.  It  will  Ui  (^onrenient  to  gire  first  n 
gcnirml  account  "I'lhi-  d>'Vf!c[>m>-nt  of  the  bruin,  and  of  it«  con- 
dition at  Boecetisive  btugi'ts  and  then  a  more  detailed  deacrip- 
tiou  of  parts,  sucli  as  the  cerebral  hemispheres,  which  ore  of 

Kpccilll   illl«Tf>l. 

The  (Mond  week.  In  the  younge«t  human  embryoe,  mcfa  »k 
Uis' embryos  E  sod  Sit  (Eigs.  176,  ITS,  and  1 70),  estituati^  aa 
about  tbirtvon  dnys  old,  the  neural  gnx>ve  ia  widely  open  aloof^ 
itK  wholr  K-iigth,  but  by  compariMa  with  later  embryos  it  w 
possible  to  determine,  even  at  thitt  xtnge,  the  Eeveral  regions  of 
the  brain. 

*J'hu;<,  iu  y^g.  170,  the  donal  concavity,  opposite  tbt;  refer- 
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ence  Hue  AK,  marks  tlie  juiictioti  o(  the  broui  aad  aplnnl  oorxl ; 
tJic  highest  point  of  tlit-  cephalic  cuovexity,  close  to  the  lefrr- 
pnce  line  hd,  Ja  thp  rpgioii  of  the  mid-brain ;  luid  the  part  io 
front  of  tliia  ia  the  futc-bruia,  which  is  nlrmdy  flexed  rentral- 
wai-(U. 


The  third  ireek.  By  the  fifteenth  day  (Figs.  197,  p.  iSQ. 
and  232,  p.  ^i-'i)  the  ncumi  cannl  is  cloaod  along  its  nhole 
length,  except  iit  the  extreme  hliidfi-  end  ;  th«  sovernl  divisioos^ 
of  the  braiu — fore-brain,  mid-hraiii,  and  hind-lriua — are  wrfl 
established;  nnil  cranial  tlexui-e  is  ntrongly  marked,  a  ^lurp 
bend  of  about  00  dcgi-ecw  taking  place  oppostU)  thp  mid-braiu, 
by  which  the  fore-hpain.  in  brought  ilown  Io  the  under  surfaco  of 
thf>  lu-ud. 

The  fore-lraia  is  of  considerable  length  ;  its  luodt  aat^'rior 
part  h  t  hi'^  veaiolc  of  the  bemtspherM,  »  ^hort ,  rouuded.  and  com- 
parativi'ly  iiicimspiL-QouB  ililu(Jitiori,  wbivh  oil  yet  shows  no  trace 
uf  division  iulo  right  nnd  left  hemiepherts.  Tlu'  thalunen- 
cephalon,  or  fore-brain  proper  (Fig.  2y2,  uf),  is  lort-f,  and  cuni- 
pi-^ased  lati^rnlly;  from  its  sidi^a  urise  the  optic  reaidea,  ito, 
wliicli  project  outwards  and  .slightly  backwanla,  and  are  alrendy 
conntrictWl  itt  thi-ir  b».ti:-»  to  form  tho  yjitic  stalks.  The  floor  of 
tlie  tb;dnmeiice]>ha]on  ifi  pioduced  dowuwiLrd.s  behiud  thi*  optic 
stfilka  into  a  shallotr  pit,  the  iiii\uidi1>alaiQ. 

Tbc  mid-braio,  kv,  in  mhuU  utid  runuded;  it  is  separated  by 
A  cotiatrictiou  from  the  fore-brain  in  fri»ii1,  jiiid  by  u  macb 
sharper  one,  the  isthmus,  from  the  hind-broiii. 

The  hind-liraia  is  Ihu  widuH  11:5  wall  as  the  longest  iinrt  of 
the  brain ;  it  is  widest  in  fi-otit^  and  {friLiluaily  Uipors  posteriorly 
as  it  ])iisseii  into  the  epiiial  curd.  The  ixwf  of  tho  hind-bnun 
is  very  thin,  except  at  its  anterior  end,  where  a  nlightly 
iJiickcnetl  ti-ansvrme  band,  Bi,,  murks  tho  coimueucemeDt  uf  tho 
oerebelltim. 

During'  the  third  n-eek  the  brain  rapidly  increases  in  size, 
aiid  by  the  end  of  the  neck  has  attained  Uie  propurtione  shown 
in  Fig.  215.  Tho  several  divisions  of  the  brain  iire  tmira  di^ 
IJnctly  inarki-d  off  from  one  anotlKT,  and  the  vesicle  of  th*-  homi- 
spboiTS,  BS,  and  iho  cen^bellum,  BL,  arc  more  conspicmiuB  tlian 
before. 

ThccenrieaJ  flexure,  by  which  the  entire  head  is  be-ntTcntral- 
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wards  on  tlm  bodv,  is  oimiiipucing  to  appear  at  l)u>  Junction  of 
'  bruiu  and  i^phia)  cord ;  it  is  aliuwu  in  Fig.  2 1 0,  at  a  lercl  beiwi'eii 
tbn  roficrcncv  liiivs  lieu  nitd  en. 


The  fonrtb  week.    By  tlii-  end  of  tbe  Tourth  wedc  the  sliapo 

ttf  Um  Wain  is  its  shown  in   Fip.  316.     The  Bexore  at  the  lercl 

Lof  the  mid-brain,  or  moscnccphaJic  flezurt  a»  it  amy  be  U-rmrd, 

[haJt  incrnaaed  greatly  in  extent,  and  now  amouiittt  to  alxjut  180°, 
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PlO.  31 B.— The  bcail  anil  fore  part  of  tli«  hotly  of  >  Hui&ati  BailNTO  letter*^ 
b;  l*R>toa<ir  tlU,  Ij.  niul  4Mlin>teil  aa  lw<<iitr  or  l.«unt7-^Mied«}*  oM. 
(^  FiK-  I'^)  TliQ  bnin  ftexpoawl  (ran  lit*  l*ti.  *til« ;  UionM  of  tbo 
aiDbrjro  la  nptcKnt«d  la  mkUiu  ««cUoa.    <FriHi>  Ub.}     •  tt. 

£V,  IhikuMMnlndtN.    BH.I>lwl»ralii.M  MAklUcUanaM.    BL-MNteMB. 
mU-tnliL    SO.aitie  n^a^i    Bft  wiacto  rf  U*  embnt  Htwfcwm    OH. 

iiliM  rnrk    BM.  M"Bui-ll>»lar  |uwlb     HIT,  MBdltiilB  HvirBn  (*»«■ 

■ftvlaow.    TO.  >r»|.lul<><>'    W.  Unr. 

the  infiindibulnm  and  tJie  hind-brain  aimoat  toocbingeocb  other. 
The  carrical  flcxoxa,  marking  tht; junction  ofthn  brain  and  epinn) 
cord,  ut  till'  li-vrl  of  tbe  reference  line  a.s,  ib  also  mudi  more 
pronouDDed  tlian  before,  and  fonns  an  on^le  of  about  90*.  A 
lliinl,  or  metencephalic  fiexnre,  with  thn  concavity  dirv^t^.'d 
dorealwnrdti,  ii^  coniiiicacing  to  form  oppoaitv  tile  c<-n-belluni, 
at  the  ioT0l  of  tho  n'f<>reoce  Hoe  fT;  at  a  alightly  latM-  stag* 
tUn  fl  •-?  fitroii^ly  marked. 

t]  p«irtH  of  th"  brain,  the  Tesicle  of 
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tb@  hemiuplivreit  tins  gristly  uiciv<uie<l,  aucl  la  now  ilividoi]  hy  n 
medinn  fold  into  right  and   leO:  livmieplieivs.  iw,  vrlticfa   an 


flQ,  aili.—  Hutimn  Kmbrj'o  leiteti-tl  by  Frofe».nr  Hi*.  Pf.  niul  naiitnaicd  u 
twenty- ticbi  (laj«  oM.  The  l»mln  i»  i-ipoicd  from  iIht  tcfl  lidc;  nn<l  the 
body  of  lli(>  otiilirfo  lius  bovii  diwrK^titl  to  flhuv  t.1ir?  hpart  nnd  at>rtie 
arvliiM,  anil  t)ie  alimt'DiAi)^  otBil.    (Fmni  Hl«.)      >  U. 

A. <!"'*>' ■'•rtii.  A.S.lIiM  i>imlB*Kl>.<>rii(F«tiJ  anil.   A.4.t!iaRliaimt«4i*l>.n« 
ajT'U'Rili'  utli,    A.O.  Ditli  (.unir  bifIi,  or  iiulnioimry  urt'h     Bli,  cmMluat.    BH. 
mlil'liniiii.    BS. cmbml  bi'Dii'i'itun'.    IN.  iiitii"'ii''uluiu,    KI>.BiTtcr.    IiO>  Iiuc 
XtTa  Urji'"^^' '-^''^^'''^''    OC  "I'Ei"  cult.    PT,  p^K-iitur^  ■HfdVDirdtnm  frnfrt  vUiRuta 
'irnvm.    BB.  l-'tt  imrlik-    RV.nnulok    TA. -I'll,  uf  ■Uiiil.ilf.ult     TC-cOm 
TJV.  <<!<!£p*'    TR.  tumtlnr.    1*8.  itiirojiFli.    TZ.  umbllii.-*!  lUlk.    VA.  kUwi* 
telb.    VS.  MiUrii-i  csnIiiiU  rtln,    TC  IHiiU'iHor  ovJInnl  itln.    VS.  untua  m. 
uuL.   VX  vmtff'me  vvna  ■•«».   VO.  i1i<{Uii<>  irin,   W.  Uw.   WD.  liUr  laM. 

already  conmiQiiciog  to  grow  iMckwanls  ovvr  the  tbaJomen- 
cephalon.  ITiis  latter  is  very  deep  dorso-ventrftUy,  but  com- 
preesed  lalemlly ;  the  iiirundibolani,  IK,  is  of  comiderable  size ; 
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the  o)>ttc  stalks  aro  more  luarlH^ly  constrict^  thnn  before ;  And 
the  optic  resiclt^N,  nonr  doubled  up  to  fnrm  ttii*  optic  cu[>s,  nre 
Buiftller  relntivelv  to  tliv  otU«r  purUt  of  Hve  bmiu  tliAu  at  the 
earlier  atagee. 

The  Riid-biiLiu,  b.m,  still  reinaitift  gninll ;  it  i*  connected  witli 
the  hind-bniui  by  a  rather  l«ig  and  narrow  nwk. 

TliH  hind-liruin  'i»  very  wlile  aiiLeriorlj' ;  tLo  cerebellum  is 
much  muro  con-tpicnoits  (ban  before,  and  oooaistB  of  two  lateral 
riilgufl,  i>(?[)arutL-(l  hy  a  iiiMlian  notch.     Ilie  sides  of  tbe  medullu 
I  oblorigitta  art"  thick,  and  tlw  roof  t-xtromely  tliin. 

The  Oftb  week.     During  the  fifth  week  (<*/.  Fif;.  205)  the 
cerebral  hemispberea  JDCrea&o  rapidly,  growing  backw&nla  Along- 
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t  Tvi.  31 T.  -  The  brain  or  ■  llumnn  Rmbfyo  iMInrad  bj  Profanor  Hf*.  Zw.  and 
MlimnM  u  ftboal  iIm  middla  o(  Um  clgbtb  WMk.    (Fnm  Uia^)     »  B. 

BP.  ■■xUninin'rlMlun.     BH,  — NIU  «tilif>«»     BL  onMlaB.    BH-  n"*! 
tnU.    BS.(aTtc»llMMv>Bn.      BT. DlltalaQr )<**■    H8.ariMl«>4.    05.<>|><1>- 


tho  sdes  of  the  thnlanifiicf phalon ;  5om  tbo  TontnkI  stir&CM 
of  their  anterior  cuds  the  olfactory  lobes  arise  as  hollow  oat- 
growths.  The  iDfiindibnlum  ri'tnnias  of  great  depth;  and  tJw 
mid-bniin  Ih  n^latively  smaller  thai)  befun%  In  tfa«  hind-braiQ 
lliK  cttrfbellum  haa  incretaed  in  aise  ;  and  both  tbe  moteu- 
cephalic  and  thiy  cerrical  fbxorM  hav«  iD(Trf<aMd  in  eharpneas. 


Tlu  tixth  to  the  eighth  weelcB.  Tito  nwet  marked  chango 
during  the  latter  part  (if  the  geoaod  month  caneist*  in  tJte  great 
increaae  in  the  Kharptv—  ">balic  flexure,  whicli 

nnt'ttintji  to  nc^rtv  1  Uum  nnd  the  roof 

L  L 
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of  the  liinder  part  of  the  mvtlulla  oblongata  beine  iu  cont 
with  each  otht-r ;  wliilc,  on  the  ventral  siufnoe  of  ihu  brain,  tl 
luiglo  of  the  6exuro,  wKich  tnorks  the  place  at  wliicli  the  pons 
Varolii  will  appenr,  nlmost  touches  Iho  iiifiindibalum. 

Tiie  cercbrat  hcinbiphores  have  incrrascd  considpmltiy,  and 
Duw  ovfriik))  nearly  hjilf  tJie  sides  of  tiu^  thalumencvpbaloiL 
Rach  heniisphere  is  eoiiKwhat  renifonn  in  outline,  the  notch  or 
hiluiii,  opitosite  the  optic  stallc,  being  the  oommenoenu'iit  of  tJie 
Sylvian  luuiure. 


The  third  moflth.  By  the  fnd  of  tlie  third  moolb  (Figs.  21 8-_ 
221),  the  cerebral  licmiMphnrra  lut-  by  far  the  largest  porlioiu  i 
the  hrniii,  and  cotiipIet<'ly  OOT-or  the  thali 
n)<«ncpphalon.  'Vh^  Sylvian  Gfwiire  forms 
conspicuous  notch  in  the  ventral  border  of  i 
benuspbeTL- ;  nnd  the  sulci  an?  commeudiig 
•ippear  or  grooves  on  thv  euri'acv.  Tbp  tnid 
brmn  is  still  fiinull  and  iindividerl;  hut  iho 
cerebelltim  haa  increased  very  coniiidcnibly  id 
liizE^. 

'i'Ui-  fonrtli  month  (Fig.  222)   is   diietiy 

marked  by  a  .-.till  further   incr<A»ir   in  sixv  of 

thocorrebml  hemitiphorpB,  which  now  coiuplet^ly 

cover  the  1h.ilai(ienceplialnn.  aiwi  ovt-rlap  part 

of  the  uiid-bniin  tus  vrcU.     The  ct^rpbetlum  has 

increased  coti.'iide.i-ftbly  in  Hixe,  nnd  tho  Iraas- 

verse  fibres  of  ihepons  Varolii  are  ooninienritig 

to  form. 
Via.  319.— A  Uu- 

ftttta  FonUu  three 

month-  dM.  lii*-        The  sixth  month.     By  the  end  of  th.-  sixtJi 

•eeitd  (roni  tb.-  ,  ,,..       ,  ,,,.    ,  .      ,.        .     . 

tlorwl  •utroca  to  tuonlli  (1  ij^.  'Jz-i)  Uif  wrebral  upnuspheres  over- 

•xmatih*  bndo  lap  the  Cerebellum  and  project  Bome  dietanoe 

Aoa  aploftl  cord.       '  i    -.        rm       ..    ,    ■         ,.  -  ,  , 

(From  K4l]ile«r.)  ""yourl   it.      llie  Sylvian   hsenre  U  a  deep  and 

Nntural  »lw.        couspicnous  depifsiiion  ou   the  outer  surfact? 

vmtenT'*  heoiil'iiiim^  of  each  bemtitphiiro ;  Iho  mid-brain  is  divided 

"■  *■  into  tho  corpora  quadrlgeminn  bj-  two  flM(iin.-!<, 

kngiludinal  and  tmnsveree  respcvtivoly ;  and  the  optic  chiasma, 

pons  Varolii,  olivary  bodied,  nnd  other  parts  of  the  adult  brain 

are  irelt  established. 
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The  change*  during  the  last  Uirw  months  of  foetal  Hfe  con- 
sJat  chiolly  in  the  foiniation  of  Die  Sssurea  of  tlic  crrebral 
hem ia]i)ierett  iukI  ci'rel)^!!!!!!!,  and  in  the  gracltmUjr  increaAuii; 
compiieatiou  of  all  [tarts  of  the  brain. 

b.  Th«  Cerebrftl  Benisplieres. 

The  uiipitireil  wsjclu  of  the  hemiapheivs  is  already  present 
on  tlie  till-eeiith  day,  i.e.  iit  the  time  wlii^n  closure  of  the  brain  tube 
is  wffi'cted.  Towards  the  close  of  the  fourth  week,  a  mediAn 
doiSLitl  ridge  apponrs  along  tlie  roof  and  nntt-rior  wall  of  the  un- 
paired v^sicli-,  and  tht-u  booomes  foldi-d  ddwn  ko  as  to  project  lu 
a  Beptum  into  tbo  cavity  of  tlie  vesicle,  whicli  it  partially  dividtt 
into  tilt'  right  and  left  lii-nilspltcrv*. 

During  the  fifth  weE>k,  u  dheet  of  vaiicular  connectivd  ttMne 
gtwn  into  the  cleft  tetwi-en  the  hemiBiihcitw,  »nd  forma  the 
basis  of  tho  i'a\x  c«ri^bi-i.  Ut-forei  the  end  of  the  week  Otc  inner 
or  mesial  walls  of  tJio  homispherei",  bordering  the  falx  ot-n-WI, 
iM'Coine  thmwu  into  folds  whtdi  pmjoct  into  the  cavities  of  the 
hemisphere!* ;  bUiod-vessels  from  fhi-  falx  cerebri  eoou  gTDw  in 
bftweeii  the  two  layers  of  tbe^  folds,  and  give  rise  to  the 
choroid  plexuses  of  the  Int^ral  Teiitricles. 

Up  to  tho  <md  of  the  lidb  veek  thurt:  in  uo  auakbi  differenc 
in  thfthickneHBoftlia  walls  of  the  hemispheres  at  didereat  ptaeev,' 
but  from  this  time  growth  tnkes  plncevery  uueiqauUy  in  diS«rent 
(Un^ctions,  some  parts  thickening  vniy  rapidly,  while  others  be- 
i-oini'  i-ciliicud  Uy  aiiigU-  hivo:-!*  of  epithelial  Ct-lls. 

The  first  important  thickenings  to  appear  are  those  which 
give  rise  to  the  corpora  striata.  These  arise,  early  in  the  tifth 
Treck,  OS  a  pair  of  ridgi.-likc  thicki.*siuge  of  tbo  ventral  walla 
of  tho  liemisphertM,  which  project  into  the  lateiral  vt-ntriclea  and 
lonn  prominent  lower  lips  to  the  foruioina  of  lliinro,  through 
which  t,h«H'  ventricles  comniunicat*  with  the  tliinl  ventricle  or 
cavity  of  the  thalameDCi.'phalon. 

'rho  corpora  strintn  are  formed  in  part  as  notiial  thickenings 
of  the  walls  of  the  hi'miapheres ;  but  tbi-ir  appearance  is  due  in 
the  first  instance  to  folding  of  the  whole  thickness  of  their  walls; 
the  dt-preasious  formed  by  the  Sylvian  fi»«ur««  ou  the  utitt^r 
suilacesof  the  hemispliereH  cun'etipondixig:  to  the  inwardly  project- 
ing ridgcB  of  Ibv  corpora  striata.  It  is  sometioics  stated  that 
thu  corpora  striata  are  formed  by  the  depressions  of  the  surface 
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wliicli  give  ri»u  to  tbe  ijylvian  fissnres;  but  it  is  more  correct 
I  to  de«oribo  tlw;  cor|XJm  sUiut»  tuul  Sylvian  li»eures  u  boUi 
[•tilcB  due  to  relatively  rapiJ  jjn'wth  of  the  ports  of  tlio  henii- 
iD  connection  with  which  they  arise ;  t-la*  foU^  taking  the 
Indirection  of  IwMt  retutaocc,  and  projecting  invrardljr  into  tbo 
'bnin  cavity  rsih^r  ttinn  natwnrdlT  towardii  tlie  sknil.  The 
rpoTB  striata  grunr  rapidly:  by  \hv  vud  of  the  second  month 
'they  ore  9troii)(ly  arched,  and  liave  reduced  very  considerabty 
[tlkO  aizc  ufthe  fbrntmna  of  Monro,  which  thi?T  bonnd  virntmlly. 

Tb«  main  lolies  of  thi>  cerebral  heniisptieres — froiit.'il,  jMirit-lal, 
[vooipilal,  and  ivmporo-spkrnoidal — an  eetaUisbed  during  t^h« 
fifth  and  sixth  monihs  ;  diey  tire  fornipd  by  subdivision  of  the 
I  original  boniisphcrce,  and  not  lu  sepRmtvoutgrowtli-s  from  these. 
The  olfactory  lobes,  on  the  other  liand,  arise  as  hollow  ouC- 
'  growths  from  tbe  under  surfaces  of  the  hemisulieres,  which  Hrat 
^appear  about  the  ond  of  tbo  fourth  wi^ok  or  Ix'giuning  of  the 
Ififtfa.     Each  olfactory  lobe  early  becomes  diridod  by  a  constric- 
tion into  two  portion)^  of  which  tho  hiitorior  fbrtns  the  bulbuK 
aud   tracttis  olfactorius,  and  the  trigonum  olfactorinm  of  the 
adult ;  while  tht>  (iwterior  portion  gives  n><e  to  the  aat«rior 
perforated  )<p«icc,  and  odjocrnt  part«  of  the  brain. 


I'hi?  commlssoref  of  the  cerebral  hemiBpherei  reijuire  special 
notice. 

Toward*  tlio  end  of  llit>  socond  mouth,  an  tJie  cerebral 
heniispherea  extend  backwards  o%-or  tbe  tbalameiuwpbalon, 
cloeely  embracing  tJiig  laHtr,  extensive  fnaon  occurs  l»rtweeii 
the  aiiptrrflcinl  whlio  innttor  of  the  corpora  «1riatn,  and  uf  tt" 
optic  t  hahimi  which  thcae  overlap. 

'I'liis  tendency  to  fusiou  of  origiually  distinct  partx  of  the 
bruin  occur*  in  other  rt'gtons  as  well.  During  the  Uiinl  luoutJi, 
tbe  iiuier  or  mesial  surfjioea  of  the  right  aud  left  hciuiapherM 
come  in  contact,  and  fuse,  in  fnml  of  the  lamina  terminaliK, 
or  anterior  wall  of  the  tbahimencephaloa ;  and  from  thib 
fused  poiiidii  Lh<.*  gn'HL  c-ouiniiivureH  of  the  hemisphcre-a  are 
duvelopL-d.  'lliH  fuHiou  lakes  placu  round  the  margins  of  a 
.Uiuigulor  patch  (Fig.  224,  SD,  iin  medial  el  v  in  front  of  tJte 
■ina  tenniiialia.  Tbe  triatigular  urvn  ilaetf  remains  frt'*r,  as  a 
norniw   vi-rtical  chjnV*  bflmiBphorpa,   which 

becoraei  the  linb  Itr  margins  of  thn 
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area,  along  wliich  the  riglit  and  I«ft  iK^inispLpres  an? 
togetlier,  tlie  doi-snl  border,  C,  beoomes  the  oorpaa  c&llonini^ 
wkilc  Ihc  poaU<rior  bordcir  prta  rise  t^  ttie  aaterior  commiHue. 
and  also  to  tlie  longitiidiiiol  fibi-es  which  form  the  body  of  the 
fornix,  'ilio  anterior  [mu'I  of  tlio  corpus  ralloiinii,  or  Rfnii.  is  i.hn 
firfit  to  he  formed ;  and  as  the  heminphcres  grow  bnckwnrde  ovpt 
the  bin»lfr  purt.  of  the  brftin,  f.h«  area  of  fusion  extends  Ijock- 
wardft  also,  and  no  Aaii!«es  lengtlienin^  of  the  corpus  callo&um. 

The  auttfrior  pillara  of  tbo  fornix  develop  early,  as  lon^< 
tiiduial  hands  of  6hre8,  wliicli  form  the  upp*-r  lips  "f  tht-  furatninn 
of  Monro,  nnd  t.lxni  run  round  in  the  eubstniice  nf  thf  Umin  nnl\m 


Fig.  S24.  -  Tlic  brain  ot  a  Human  Ftt^liu  of  th«  Itttli  4iiontb.  Thf  linin  a 
biseoCoil  by  A  iu<.-<iiAa  ■%:lMnl  <-c;tI<>ii,  and  Ibo  flgvn  Mhowa  Uie  left  h&lf 
from  tlic  iDDer  aurhicr.    (Fioiu  Kiilliktr,)    Nhtnral  rice. 

^  Mnu>  cvUoaiiiii.  tt,  umbrtiEin.  cm.  mliLlla  itrm^tt  ■imaiiil— m  rr^  rrnroavt'ri 
A  Mliwnri*  lUnni.  k,  mU'limliL  iv  ii[>U^  oliluRiiki  al.  oIImWit  lalM>  f^piMu  TMnllL 
pn,  iMTMMiMiliilIaJ  llHiK,  pr.  [!jT*iiiLi1  of  Uii-  uudnlla  vUonaila.  r,  Ohum  aicuMn. 
•ft.  •<ii4uni  tmldiuo,  foniiluf  laUnl  mil  <>(  ttRU  Tcntilclfc  ■,  Kapan-tptoHMd  Wbr 
III  rriv'-nl  >inul«pliw«. 


to  its  voMtral  surfnce,  where  they  end  in  the  «>rpu3  albicBtis, 
which  is  at  first  Mingle  and  iiiediaii.  'l"he  po«terior  pilUrs  of  the 
fornix  di-vi'lo|i  Inter,  nhnut  the  time  the  biickwnrd  extenuon 
of  the  corpus  callosum  is  taking  jilncc. 

Tbe  omiTolatioaa  of  the  cerebral  hcmiiphDres.  I  n  r«}^rd  to 
the  sulci  or  li^^ure^  on  tlie  .'■iirfhee  nf  tht>  hi'migpheres,  by  vrliicb 
tlie  seTprftl  convolutions  are  tnapjiiHl  out  fn>m  one  another,  a 
distinction  must  h«'  intidu  between  (i)  tin-  primary  snloi.  which 
nppCAr  Bt  nn  cwW  stage,  and  cuasf  foldings  of  the  >>iitin> 
thicknCBs  of  the  wall  of  the  hemisphere,  but  which  ulliinately 
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ppwir  wliolly  or  in  chief  |>arl :  and  <ii)  tli«  •econfltryfulci. 
which  are  mere  grooves  on  tlie  aarfacp  of  the  Iieuiiapbtfrp,  autl 
oundcqiiuatly  do  not  give  rise  to  oorreepondiog  iul«niul  prujoc- 
tiijutt;  tlican  np[M>«r  Inle,  but  pcnisi.  tbrougliout  lifi.-. 

(i)  Th«  primar;  niloi  iipp>>ar  townrds  the  end  of  the  woood 
montli,  uiid  iKTur  uii  Lutb  tbo  iDMinl  and  thu  outrr'«-all& 
of  tile  lu-inispbere* ;  tbov  attain  tJi^ir  maxiniam  development 
hetwt^'n  rim  tbinl  nnd  fonrth  months,  nnd  by  tbc  ond  of  thf 
fourth  uiuntb  bave  di»appeaml  almosf  compli-t»lii'.  It  bas  bi-vn 
suggested  ihat  ibeir  foi-mntion  i*  due  lo  thel^nun  tDcreaeiufi;  iu 
nze  more  rapidly  t)i*n  the  skull,  Aiid  conooqiwittly  b^coiuing 
thrown  into  folds ;  while  nt  a  Lih-r  HtA^i>,  when  tlie  iilcall 
I'ldar;^.  mvit  wf  ibe  folds  l>ecouie  Qultt^ned  ()ut  and  ol'litcratcd. 

On  tbe  alexia]  wall  of  each  bemispbere  a  lon^  curved  sulciia, 
tho  flssora.  areaata.  nppt^-ars  towards  the  close  of  the  si-cond 
month.  It  ruitH  piirallrt  lo  (bn  apper  border  of  the  beniii-phuii;, 
luid  a  little  diiitaiioo  from  tliiM;  and  r>x1<*nds  froai  tlte  nntorior 
Mid  of  the  frontal  loin*  ronml  (o  the  t^mponi-upbeiioidal  lob*' 
(rr  Fig.  22i).  From  Uu'  fiiuurA  orcunta  a  tM>riea  of  furrows, 
uaoatly  oix  to  eight  tu  number,  radiato  ootvards  ttiward''  iht* 
tnai^gin  of  lli«<  liemixphen?. 

On  tbe  outer  wall  tif  t]ie  hemisphere  tht;  priuiarr  sulci  &n> 
\iv»  regularly  armoged.  In  a  general  war,  lh«y  start  fixmi  the 
iDurgtn  of  the  liuaiiRpber«  ntid  coiirergu  toward»  tliu  Sjlviao 
fiseare,  hut  do  not  meet  this. 

Thu  ublitcml  ion  uf  Ibc  primary  sulci  u  mainly  a  proceed  of 
nnrnldiiig,  progressing  from  tb<>  ends  of  tb«  ."ulcus  towards  its 
middiv  :  the  mlcu))  betvnning  shorter  and  short«r,  and  uUinmtcly 
di^Mipfraring. 

It.  in  mn  ([uito  certain  wbt-thor  nnr  of  tlir  primnry  muIci 
niinuully  {M>rt«i»l  aa  pennani'nt  t>ulci ;  bnt  it  ap|><>nrs  that  tlin-o 
or  four  of  the  most  itroogly  marked  ones  do  persist  as  a  rule,  or 
elw  an»  replaced  by  pcrmani-nl  Fulci  which  an-  fonm-d  along  the 
same  lines.  Tbe  hippnciiiupnl,  and  jiortions  of  tlte  calcarine  and 
parieto-occipital  sulci  belong  Ui  thia  catagory.  Tho  Sylvian 
(is^urc  is  sIbo  n  |>eriii.inent  one,  but  il  differs  in  Bomo  respect.* 
(Vom  tb(>  primary  sulci,  nnd  can  only  dt>ubtfully  be  r«ftrre<l  t<t 
the  Mime  group  an  these. 

(ii)  The  Moondary  sole!.  During  the  fifth  month,  nnd  the 
early  port  of  the  sixth  month,  the  surface  of  cftcb  ln-misphtTe  L* 
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RlmnPBBkM]!,  tlie  pi-iinaiy  i«n1d  having  almost  oonaplrtoljr  ilif>- 
appesi-etl,  and  tlie  secondary  liaving  not  yet  appeared.  r>Qniig 
iJie  latter  part  oFilieBixtJitiiODUj,  audduriugtJie  serenth  month, 
most  of  t\w  priocipal  («C0DdaT}*  or  permanent  sulci  appcur; 
but  the  majoril.^  of  th«  minor  or  acocMont"  talci,  to  nrbicfa  the 
complex  appeanmce  of  the  adult  brain  is  so  largely  due,  ore  not 
foruied  till  after  Imtb. 

The  secondary  sulci  vary  ooQeidembly  in  different  indi- 
Tidual^.  nnd  on  the  two  aApg  of  (bo  same  brain.  I'he  purpoM 
of  ihi-ir  formatjcm  appeant  to  Ixt  to  maintain  the  iimpcirtion  uf 
tlie  .4upft-ficial  grey  tnatl^r,  it;Intively  to  the  more  deeply  plac^ 
man  of  wliite  matter,  in  the  hemispWrw. 

t.  The  ThidamencepluUoD. 

Tilt*  Hide  witLU  of  till-  tluitamvnrcplialon  tliiclcen  verv  earlr, 
and  form  the  optic  Ihal&uii,  tlio  outer  surfacw  of  which  sobse* 
qnently  fuse  pxr^nsirt-ly  with  the  corpora  striate,  in  the  innmicr 
noticwl  atxve, 

The  roof  of  the  tbalamenceplialon  is  thin,  almost  from  the 
finfi  ;  it  remains  flat  up  to  the  end  of  th'e  fourth  wMtk.  when  it 
beoomu  lblil>.-d  to  fum)  a  loTi^ptudlunl,  externally  projecting 
ridge.  During  the*  thini  month  tliLi  Hdge  lN>>ootnc«  iuBectei) 
into  the  veutricle,  and  vagcular  folds  of  counwtive  tissue,  gmwinf* 
in  between  its  two  layers,  give  rine  to  tlie  choroid  plexus  uf  the 
IJiird  vcaiti'tcl«.  Tlin  pinefil  body  doos  not  appear  until  the  end 
of  the  fifth,  or  he^ntiing  of  the  .'«ixth  vsfk.  It  at  finit  projects 
forwiu^  but  later  on  bt-couiea  directed  bockwurda,  and  ite 
cavity  gradually  becomes  blocked  up  by  cnlcoreoux  dopotnte. 

The  floor  of  the  thalamencephalou  ia  8e[>arated  from  Um* 
Sylvian  aqueduct  of  (he  nild-brain  by  a  strong  orerhangizig 
cief't.  Tho  fioor  is  at  first  thin  along  itK  whole  length,  but 
become*  tb  iokened  in  fmnt  by  tbi.'^  optic  cbin&ma,  and  behind  by 
the  n>rpuH  mnuimillnra.  The  infundibnlnm  is  a  prominent, 
ventrally  directed  depref^sion  of  the  tloor,  nbich  curly  oomos  into 
cloBe  relation  with  tin-  pitaitury  diverticulum  of  the  stoinato- 
dieum. 

d.  The  Hid-brain. 

'Vhc  mid-briun  uf  the  baman  embryo  remains  aroall  through- 
out the  whcite  ])eri<>d  of  di<Tel(ipineint^    Tlie  roof  tbickeus,  but 
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r^mnins  for  h>id«>  timo  uadividnl.  Kariy  in  tlie  litUi  moiitli  a 
iiiL'tli&u  lonfjitudinal  groort*  is  formal  along  ils  aiitericff  part,  mid 
ahortlv  nlWirwdtt  a  pair  uf  iruDRreiiw  ^rooveH  appear,  <1iridiD^ 
Hu)  roof  into  b  lar^i*  anterior,  and  &  ^nialW  |ioHter)or  (livini<iii. 
The  mi^disn  grooTc,  which  divida's  tfie  posterior  part  into  rif^lit 
aod  l»fi  IoIkw,  is  not  onniplett'd  tmtil  the  seventh  month. 

In  t«nnecii<m  witli  (hti  tloor  of  tW  mid-bmiii  the  cmm 
oerehri  ar^  formed,  as  a  pair  of  thick  bandies  of  longitudinal 
nerve  fibres. 

ft.  The  Cerebellum. 

'llie  gvDeml  hiHtory  uf  the  c<-n!belUimbualreiuIyb(>^i|liv(>ii. 
The  i^urface  remains  stiiooth  until  tbt^  eud  of  the  tbird  muiuli. 
Daring  the  Iburlh  roontii  the  convolotioas  and  sulci  np]K«r.  and 
rapidly  incrvatte  in  niinibcr  nnil  in  importance.  From  l1i<>  fourth 
moDtb  onwards  ib»  lutvral  IoU'H  grow  rapidly,  uiid  ul  thf  satw 
time  tli«  tmnsvente  fibre«  vf  (he  pons  Varolii  arc  dovelo|)«Ml. 

L  The  Hodulla  Oblongats. 

The  roof  of  the  urduUa  oblongatn  is  wido  nnd  thin.  olnoBt 
from  tiie  tirHt.  The  floor,  nlung  llii>  :u-tiiu1  nie«li»n  tine,  is  ali^a 
Ibiu  ;  ihn  sides  are  gn-atly  ihicki'iied,  and  ure  divided  by  wcll- 
markfd  gronvc»  along'  their  inner  sorfaces  (<-/.  V'lg.  226)  into 
Vf  ntro-latcml  nnd  dor»io-hth*ml  an-ns. 

It  haa  been  rt>cently  pnintixl  ont  that  a  aioiilor  diriaioD  tuny 
be  rrcogniaed  in  the  tide  walla  of  the  nmro  anteriorly  aitvated 
portions  of  the  brain,  the  ventro-lateral  areas  fomiingtln?  v<»iitoJ 
half  of  the  brain  m  br  forwurdi*  as  the  optic  ct>iiu<n)ii ;  ivbile  the 
cerslMllnizi,  tli«  uptic  lobnj^,  and  tlie  whole  of  the  ceirbi-nl 
hemispheres  belong  to  the  <Iorpo-lat«ml  oivas.  It  if  tmcertaiii 
a*  y«-t.  whrtlier  this  disUuction  is  of  any  rful  nMTpliolngii-iil 
importance. 

■2.  The  Spinal  Cord  and  Spinal  Herres. 

The  histological  d«veIopin<.'nt  i*f  llie  »pinal  t-onl  and  ni-r\*i'« 
ill  human  rmbi^M  has  bn.-a  nluditrd  in  cuiiaidemble  detail,  ntort* 
espv-cinlly  by  Profvasor  Din;  and  it  i«  on  bi^  di^scripliono  tlmt 
the  following'  accDunt  is  maii><" 

IV  spinal  cord-  'Vt-lopment.  i.i 

merely  a  speciali  of  '!"•  «""- 
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ponent  epithelial  cells  T(>maiii  thmiighoiit  lifc  in  an  hiiliffereot 
st«t«,  mill  give  risf  Ui  tie  intrinjiii;  skelclal  framework  of  tlu* 
aduh  cord,  while  otbrr  cells  btBoinc  tiKKUtifiL  to  form  tin?  ni'-nrp 
cella  and  ncire  fibres ;  tin*  ii*'i-ve  fibr«*»  ni-iitin^,  nt  biij-  raid  in 

HZ  *I3< 

^         / 


I^ie.  32A.—  A  lrMu.viim>  nitrllon  thTnii|[h  >  portion  at  ihr  wall  nt  tbe 
cord  lit  n  )luinnn  Embryo  at  tho  heginniD^  cf  tbc  fouilh   nvck. 
cnciiv'  ihicknuM  nf  tlicwull  b  icprvMQU'it.    Tbe  tapper  border  of  tia 
flgura  oorr<'!i|Kitiil!i  ^a  th<!  iiint^r  smrfnoe  of  iht.-  spinal  ixait.  ncit  lo  lb«^ 
crntral  camtl :  thf  lower  bonier  ot  tbe  flgore  lo  the  outer  tnirl^co  i>r  tlie 
»piniil  conl.    (J'rom  111-  )     x  730. 


JSJ,  nofM  ■>(  iha  ■|>ii>vu<hlubt     HK,  i>n>n>nn  -if  Urn  n«inlnMM>a  wbtck  Onll* 

tbe  firat  instance,  ns  dirrvt  prolongations  of  the  protoplnsntic 
bodies  of  Uie  nerve  cells. 

The  spinal  cord  CMMsista  at  first  of  a  single  layer  of  coUimt 
epithelial  cells,  each  cell  cxtendinir  the  whole  tliiokiivas  of  thl 
w»U,  In  the  mid-donail  find  inid-vi-nl.ral  lines,  where  th»  wnll 
ts  tliin,  the  cvlU  mo  comparatively  »liort ;  Init  at  the  sides  thrv 
ftw  greatly  clonpnted.  As  commonly  happens  in  coluiriiiar  epi- 
thelium, the  nuclei  of  tJie  sevemi  cells  are  placed  at  dilTen>nt 
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(tTfla,  nnd  so  cause  ttit-  epithelium  to  nppcnr  n»  llKitigIt  (wo  or 

Tli<^>f  columnar  cpitliiOinl   cflls  arc  i^poW'ii  uf  ns  tpoBgio- 
I,  and  ifiro  riw  to  tJie  akt^Ictal  framework  of  the  iipinii) 
At  the  brginnhif;  ot  tlie  foonh  treek  (Fig,  22A)  t'»ch 
tigioblaat  is  gn-atly  ••loiiifat<>i],anit  cooaisls  of  a  central  body, 
rbich  incIo«««  bh  ovul  nucleus,  Mt,  and  from  wliicli  two  maiD 
rs  arise,  itini:r  aud  oatrr.     The  liLBer  procci*.  which  is 
lirectoil  townnla  the  central  canal  of  the  siiinal  cord,  in  brood,  aiit] 
oally  unbrancb»d  ;  it  readies  the  inner  fturiitoo  of  the  ootd, 
rhere  it<  expands  to  form  n  mdr  foot,  which  nnihnwitli  tboae  of 
dJBCVut  spODgiablnttlH  ti  (brin  n  ci>ntiniiniiH  lining  lo  thecrntml 
the  nembrULft  limitana  interna.     Tltet^  inner  i)roc««wM 
'  in  length  in  diflVr^nt  sponj^nbln^ffl,  acronlin)^  to  the  posi- 
Boti  of  the  imcK-t ;  tlicy  an-  nil  etrinted  lonfptndinally. 

The  outer  ]>mcc«s««  of  fclic  spongiobliutlx,  lliough  rrlaiu- 
Bg  a  ^iiernDy  radial  dirwrion.  branch  freely:  townnltt  their 
outtT  fiids  ilii-y  form  tlatt«iied  px]>ansioii9,  which  tiiiiti-  with  one 
niiotlicr,  luid  with  tbr-  pro(-eA*<>'H  "f  ndjnc4>nt.  Hjmtigioblnsto,  U> 
formnri^iciilnni,  tliemyeloiponginm.  \K.  Tli(>  otitt'r  endsofthe 
braticlic')  reach  tho  menibrnna  liinitwis  ext4>nia,  on  the  outer 
stiriaoe  of  the  spiiml  cord, 

The  cclltf  forniinjij  thr  inid^dorsal  and  tnid-r<>ntml  walls  of 
tht>  apinnl  conl  remain  much  ahortcr  thnii  those  uf  the  sidcK,  but 
uniipri.'"  .-iiinilar  chaajfos. 

Th*  germinal  celU.  Bi'twc«n  tli^  inner  entU  of  the  apougio- 
blacts,  cloiv  to  or  in  contact  with  tlit*  int«miil  limitinf^  luem- 
brane,  Inrjri'  spherical  cells  (Fiff.  22o,  sx)  arc  formc<l ;  tiiew^  hnvc 
lar}f«  iiuclei,  aud  Qsnally  show  mitotic  flgnre^i,  ii»licuting  iictive 
cell-division.  Thoix^  s«niuna]  «eU>.  as  they  am  called,  appear 
about  the  begimiing  uf  the  Iburth  week;  they  ant  at  tintt  fi?w. 
but  rapidly  incroaae  ia  iiuiiil>er,  and  by  tlw*  end  of  th"  week 
(brtn  an  alroo-t  oontinuotia  layer  ahmg  the  inner  iiurfac(<  of  (he 
R|Mna]  cord.  The  mode  of  origin  of  them  genninal  cells  has  not 
becD  vfi-y  clearly  dctenninnl ;  but  it  nppesrB  ciTtain  that  ther 
are  derired  from  the  spon^oblasla,  mid  probaI>lT  by  direct 
modi  lien  I  ion  of  lhefK<.  It  it^nlso  iincertaiu  wtietlior  the  formation 
ofgeniiiniit  celltf  in  limited  tu  ibt*  ituiiTHiirfiiceof  the  spiiiitl  conl, 
or  whctiipr  it  may  uTur  nt  nil  parta  of  it*  lliicknniM. 

Th«  nenroblastt  (Vig.  226,  xz)  ^  •.  whieli 
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nppenr  in  the  ftarlier  part  of  the  foui-th  week  :  thov  lie  kt  fir*t 
close  Id  llie  iiiOLir  frail  of  tlii;  spinal  coril,  anti  are  belie^'ed  id 
be  formed  by  division  of  the  ^rniiDal  cells,  thinigh  it  is  pa»- 
xiblv  that  tlii^j  mnv  iitso  an»v  dirrctl^  from  the  spoxtgiobUaU- 
Each  ncurohlaat  cotLiitiiM  nf  a  Iiirge  ovuid  nucleus,  surrounded  In 
a  Uiiii  layer  of  [rrotoplaeiu  which  is  produced  at  one  pote  tntu  k 
long,  striutod  t^il.  Tho  uoitroblast^  become  that  Tim-«nJbuf 
the  adult  RpiniU  cmd.  while  r.lieir  taihi,  by  further  elongttioD. 
become  tiie  axis  cylindL-nt  of  thn  uerve^,  round  which  at  •  bt«r 
ataf^  the  medullary  and  5>chwanii'a  sheftths  are  formed. 

Kdcli  neupobittfit  at  fii*t  gircs  riae  to  only  anv  procea  or 
tnil.  which  h  directed  towards  the  oiit«r  surfooe  of  tbe  spuuri 
cord.  After  their  Gn^t  formation,  tbu  scuroblosta  Trander  out- 
wartU,  appan-iitly  by  tln-ir  own  iiclirity,  to  tho  outer  laven  of 
tho  coi-d.  H'ht-rc  they  lie  about  the  junction  of  the  Duclew  and 
reticiilnr  layers  of  tlie  niyplnB|»ongimii.  The  bcidies  of  tlw 
iieui-obliiRtjt  reiimin  tfnilx-tldcd  in  the  ^piiifd  cord,  but  thv  toil*) 
oi*  ttxiti-cyUnder  proceasea,  grow  outwardi^  threodiDg  their  way 
thi-oagli  the  meshes  of  the  myelospongiatu,  and  ultiiuately 
reaching  thu  outvr  siirfncc  of  the  i^pinnl  coitl. 

The  neuroblasts  incrfftse  rapidly  in  numbers  during  th« 
fourth  week ;  they  move  oatwnrd.^  townrdx  the  srtrfaee  of  tt^fl 
cord,  and  at  the  t-nd  of  the  week  (l'"it(.  J-t")  furm  a  weU-mnrfc^P 
layer,  sz,  spoken  of  aa  the  mantle  layer,  jast  bevond  th« 
nnolei  of  the  spon^oblssts,  Ni.  After  the  withdmval  of  the 
Qeiiroblaiita  from  the  inner  .sui'fnco  of  the  apina]  cond,  ihe 
apongioblasts  in  thifl  region  close  in,  and  become  nmuiged  *e  a 
layor  of  cohiuanar  cells,  which  acqain'ciIi«sttheirfr.*o  t'nds,aiirl 
form  t  he  characteristic  epithelial  lining  of  the  centnil  cunal  of 
the  Kpiiuil  cord. 

The  motor  root«  of  the  spinal  nerT«B.  lu  the  Intter  part  of 
the  fouitli  week,  lht<  ueiiioblusls  (Kig.  2'i6)  am  much  mote 
ebuuduut  in  thr:  veutro-htcml  re^ons  of  tho  ttpinol  con)  than 
elsewht're.     Thvy  soon  bi-come  arranged  more  or  I'-.vjt  • '  y 

in  groups,  and  tbL<  axis-cylinder  prooetses,  converging  .  ■:  .:a 
bandies,  grow  oat  beyond  tho  nuti-r  fiurfad?  of  the  spinal  cord 
run!   fcinii  the  vontral  or  motor  root«  of  the  spinal   oervee 
'i'hi>  firub  tmee  of  the»A  motor  I'nota  nppt-uirs  about 
fourth  <Iay,  and  by  Ihw  i-nd  of  the  fourth  week 
eatabltaUed  aloug  the  greater  part  of  the  ItMiglh  • 
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The  ventral  or  anterior  oommiasure  of  the  spinal  cord-  'lli«* 
not)i-<JjluAts  of  tho  (loi'HO-Ialenil  areas  of  Uie  oonl  aliio  givLi  ulT 
iierrc  prooeB&oa  ;  but  these,  iu  place  of  pnssing  oat  beyoad  the 
cord,  ran  id  its  wnlli.  Some  of  the  norro  fibreii  tnlce  n  longt- 
tudiual  course,  and  girr  rise  to  tbt-  rrbito  colauins  of  the  cord ; 
while  others  (Pi^-  220)  run  downwards  to  ita  Teatml  surfiioe, 
intorlaciug  with  the  fibres  of  the  motor  roots,  and,  on  reaching 
the  mid-ventjal  surfuce.  pas»  ncross  to  the  opposite  side  of  the 
cord,  nad  bo  giro  lieo  to  Ibu  voDtral  or  nnt'Crior  cvtnniiwure. 
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PlO.  £{(,  — A  ilia|;TaniBimtic  tnntvpifM-  Mrctioii  ncroM  tlw  spliiBl  cold  of  a 
HiBM*  Bmbrj" '-'"'■  f ''■  wwjk.    (A(tn  aiii.>     «  l», 

HUMitiiMW.  BT."      <  ■>(•  i-l  iplMl Mm  irw.  raMu Mlwn 

The  dor»*l  or  »en»ory  nenre  root*.  The  enrly  origin  of  the 
tipijinl  ganglia  in  t]io  human  finl>r.'o  has  not  be^n  made  out 
very  satiEfuclorily  ;  m  fnr  as  ih  knotrn.  it  agrees  in  all  t^ftential 
reg{>ecla  with   tJiat  already  dciKi'iWd  u  occurring  in  chick 

In  Kollinann't  embiTi:  rimnted  as  foiirtevn  dnyi)  old 
t'Vio   \9S\\.  llw  intnolfain  m  -  .-irv  tie«cril>rd   by  [(enhoiufik 

canal  is  efft>ctt^  ap|)car- 
of  rounded  cells,  the 
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nenral  ridgca.  in  Uie  angles  bt^twcen  the  fxt^mnl  (^piliUrt  uJ 
tlie  iteuml  plate.  On  closure  of  tbo  ncarsl  conivl,  tbc  bpooI 
ridges  of  tbo  tvo  tiAon  bdoomr*  cbntinuDUM  vrith  each  odur  in  ib 
niedum  plane,  to  form  ihi>  neural  citajt,  Tho  nytual  cr^t  wpi- 
mt«8  fix>m  tb«  external  vpiUost,  bnt  remuins  in  close  cfXiUa 
witli  tilt'  spinftl  cord,  fortning  a  muiw  of  sphericnl  OfU«,  wedjird 
ill  like  a  keyt/ume  betwoeii  the  dorsal  edges  of  tlit>  ni'ural  platr. 
As  Ute  edges  of  the  neanl  plate  grow  in  towanis  eacb  other, 
to  eompltftc  Ihft  dor!«l  n-nll  of  the  ^tpinal  corj,  the  Qeural  ci«t 
is  grAdiiolly  sqtitfez*>d  out  Trom  bet.HrtH<u  tbem,  and  its  mcdin 
pnrt  thins  await  nnd  disappears.  I'Voiii  the  lateral  edgtM  rtf  thr 
ncurnl  erect  outgrowths  Kris^,  vrliich  form  the  rudiiiieiito  of  l\a 
spiiutl  ganglia  :  tliase  ar«  at  fir^t  excecdtng-ly  sU-nder. 

Ttii^  immediately  succeeding  stages  in  tite  dtn'dnpinait  t£ 
th»  ganglia  h»vo  not  bw-n  followed  6atisfact<>rilv  in  hnmo 
einbr^-os.  About  the  middle  <>f  the  lourUi  wv«k  the  ttatta^ 
have  uttaitivd  considerable  size,  nod  uearoblssts  are  pr«:seut  in 
tliem  in  large  nuDibcrs.  These  neuroblastft  dilfer  from  tfaoarsf 
tho  spinal  (;oi-d  in  bving  bipoliir  in  place  of  ooipolar,  otck 
neuroblast  giving  off  two  proceeam  in  opposiU^-  din-d.iMu,  tn- 
■wanls  and  ontwartU  reepectiveiy.  The  inwardly  directMl  pi» 
ceeae*  grow  from  tho  ganglion  into  the  spinal  cord,  and  gm 
rise  to  the  dorsal  or  sensory  root  of  tiio  nerve  (Vig.  i*2U,  sv); 
while  the  uutwunlly  directed  procesM's  give  rise  to  the  Mnscfv 
portion  of  tile  trunk  of  the  nerve.  It  is  stated  that  all  the  otlk 
of  a  spiiuil  ganglion  send  nerre  processm  into  tlie  spinal  oaii, 
but  it  is  nut  yet  certain  n-betber  all  the  fibres  of  a  dofsal  root 
arc  directly  connected  with  ganglion  celts. 

The  later  »tnges  of  tlevelopmcnt  of  the  spinal  netres  Deed! 
not  be  described  in  detail.  The  neuroblasts  give  rioe  direcllr 
to  the  aen'e  cells  of  tlie  cord  and  ganglia,  each  nearohlsfit,  is 
the  later  stages,  giving  off  processes  u-hicb  oomo  into  ckai 
rotation  with  those  of  adjacent  cells,  but  apparently  do  cot  aas«- 
tomoao  n'ith  these.  Eucb  nerve  fibre  aiises  in  the  first  iftttin*- 
us  a  proci>ss  of  a  single  celt  or  neuroblasl,  hut  it  ta  tint  itsilE 
clear  in  a*hat  mode  its  further  groirth  is  effected.  Ilia  aW 
others  maintain  that  it  is  simply  by  a  contitu:^' 
proce^  by  which  it  Itrst  nrusu,  and  Hijpt.  >■•«  •. 
throughout  its  whole  length  is  to  Ix' 
proloagation  of  the  body  of  the  nerve  < 
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Otljer  inv«stigatora  liold  tliat  in  tb«  Ctiitlit'r  vUm^^tion  of  tlie 

axis  rvlindcr,  after  its  first  Bpjwnraticc.  tlic  oells  in  the  iR-i'gli- 

buurbtjoJ  are  actively  c<^icrrne<l,  tlic  nerve  filitv  ImjId^  fornii-d 

feitlior  by  the  Itnour  fnftion  of  originally  indopt'iidftit  colls,  or  m 

a  prooew  oTsicrrtion  by  the  surroandinf;  w^lls.     The  hnliincr  of 

^«vid<^tlc<^  at  present  apjtfiirs  to  l«  decidedly  in  farour  n{  tbe 

'  first- mentioned  view,  i.<r.  tliat  a  nurvit  libr«  in  to  be  regnrded 

tbrouglioQl:  itH  wliolfl  lengtli  ns  n  proof^s  of  n  Mngle  nervo  cell. 

'I'hif  blood-vodHcli)  of  Lbc  tipinal  conl  do  uot  appoiir  until  tfae 
W'giniung  of  the  fiftJt  week  ;  (hey  are  rarried  into  tlie  cnrd  by 
connective  tissue,  which  i^rowA  into  it*  KiihAtniicc  from  wiiliout. 
The Hpinal cord  stcndily  incT?4UH-» indiuiniTti-r,  mainly  throagh 
'the  fortnatiuu  of  the  tungitudinal  banda  ol'  white  matter,  t^. 
of  nt>r\'t*  fibres,  on  its  outer  surface.  'ITie  inedian  fissures  of  the 
cord  arv  rorined  in  the  sniiif  way  ns  in  otfa«r  Vertebrates,  ll»> 
ventral  li!>siire  being  a  chink  X^tt  bctn-v«D  thv  ventml  colanins 
of  thci  cord  ;  whtlu  the  dorsal  fimure  is  of  eatiroly  diHi^rvot 
orijjin,  and  is  dne  to  the  alnsurpt-ion  of  thfl  substaiioe  of  Llie  oord 
along  the  dorsiil  ^urfuce  in  the  tuediau  plane. 

The  seat  of  mosb  actt\-e  oer%'e  growth  in  the  early  stages  ia 
thp  n«k,  the  cerx-icnl  nerves  beinff,  both  rftlatively  nod  sbeo- 
lut«ly,  larger  than  the  hinder  ones  during;  the  mrly  stages. 

The  cvrvtcal  and  brachial  plexuae^  coroinence  to  form  about 
tlie  iweuty-xeventli  day  ;  the  lurnbo-cacral  plsxiis  rftther  Uttfr, 
abotti  the  thirtieth  day  (Fig.  227).  Th«  phrenic  nerre  Appears 
aboQt  tbo  thirtieth  dny  as  a  bnncb  gf  tho  fourth  cervical 
nerve. 

The  cervical  and  lumbar  volargenients  of  the  spinal  cord  an< 
present  in  the  secniul  month,  and  are  well  marked  by  the  end  of 
the  third  month  (Fig:-  -I^)- 

The  sjiinal  cord  originally  extonds  to  the  Inst  candal  tp-t- 
tebra;  and  up  to  tlic  end  of  the  third  month  riiu  growth  of  the 
spinal  conl  kvf]*^  jKioc  "^nili  that  of  the  T«rtebnU  column.  From 
the  fourtli  mouth  onwards  the  vertebral  column  grows  more 
mjiidly.  By  Uie  sixth  month  the  spinal  con!  only  extends  to 
ioral  vi-rlebtiv  ;  at  birth  it  Mlups  at  thu  third  lumbar 
lln^  while  in  the  adtdt  lla  lowt>r  end  is  op|>o!)tle  the  lower 
"f  the  tirst.  Inmhnr  vert«bm.  This  afaorti^tng  of  the 
relative!)'  to  the  vertebral  column  is  the  cnuw  of  the 
',hi.'  riHilw  yf  the  liindw  suinol  iH-rres,  which  have  to 
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run  iinck  (tome  (listnnoe  along  l-bt*  vertfibml  canal  bnTorf  n^^ 
inj(  ilieir  foramina  i>f  exit. 

a.  Thfl  Cranial  Nerves. 

Tilt!  KtruHure  of  tlio  bmiit  in  tliv  early  etjige»  of  ik-iirlonK^ 
and  tlip  spqui'iieo  of  changes  which  it  nndergoes,  are  nmikr  k 
those  of  the  spinitl  cord  in  all  easeiituil  respccU. 

In  thu  Uttrr  |<ai-t  of  the  third  week  a  mvclmpoogian. « 
I'pithi-liu!  frnmi'worl;  is  fonifd  :  !ii  this  an  Outer  »r  mantle  Unf 
E>tiitaiiiii)g  iifurobia^tii.  can  early  he  dititiri^uiahoil  fiYmi  a  tkii^ 
inner  plate  in  which  lie  the  nuclei  of  tht>  spnniriolthwta.  IV 
nouroblasts  give  ri*-  (o  nxis-cvlimli-r  j irooesats,  which  atlvr 
collect  in  bundle;!  and  grow  out  from  the  bnun  os  the  itralor 
txiot^s  of  tlie  cranial  iiei-ve«,  or  else  run  in  ibe  gufastjUHX'  of  \kt 
brain.  lonjrit.udinalIy.  obliquely,  or  tran«verHely,  to  form  the  imSt 
of  wbitt'  matter,  or  norvi*  fibres,  which  connect  the  brain  wiA 
the  colli,  and  thf  at'i,-oral  iiarta  of  the  bi-ain  with  one  anulhw. 
Other  bundiri*  of  nfive  lihres  enter  the  l>rain  by  growine  into 
it  from  the  ganglia  uf  the  senaoir  crauJitl  ni>rvf«. 

Histological  differentiation  is  established  in  thv  tnodoIlA 
oblongata  ercn  carli'-r  ihim  in  tbr  spinal  oonl.  In  tbp  cerefanl 
bemisphereH  it  doi's  not  Appemr  until  a  compaiittireir  late  slagf 
of  development.  All  the  ci'atiial  nervts  aw  detin  ttely  formed  ba- 
ttle end  of  th<!  fourth  week  (Fig,  227). 

The  cmninl  Ufrvr*  aiv  more  difficult  *o  deal   with   Umn 
spina)  ner\"fts,on  n«»imt  of  their  want  of  unifunnitv  in 
ment,  and  the  gn>at  difTei-encea  in  am  and  in  n>hituins  wiii 
they  jireeent  among  tliom&elves. 

With  thi*  iwssihlc  exci-ption  of  the  optio  nerve,  boverer  ft 
ai)|M'ars  that  the  cianial,  likt*  the  Rpinnl  ner\-es,  tnay  bt«  divided 
into  two  I'ulegorier : — 

(i)  Ceatrifligftl  or  motor  nerTea,  which  are  formej  br  oui- 
urowth  of  asis-cylinilor  proct«a808  from  groujiB  of  nouroblnsu 
(iitunt«d  in  the  bniiii  it.snlf. 

fii)  Centripetal  or  aeiuory  nervw,  which  are  Ibnoed  by  onl- 
ffrowth  of  axis-cylinder  proceasea  from  gi-oupe  of  nenrohW* 
silnatiril.  not  in  the  bv.iiii,  but  in  th«^  seiiaory  gaiiglia  outside  ihs 
bmiii ;  the  ])roce»*e»  growing  in  tw-j  directions,  inwonla  * 
substance  of  the  brain,  and  outwai-dM  to  tlw  peniiher 
tion  of  tlie  nerve. 


Emlirjro,  l«ller«4  bj  PmEewor 
Hi>.  Ko.  on)  t»*iMi»>'  -!.'>>>i  >il<I.    Tbe  tnia  aad  ppinsl 

tnnUuitlltetaftBbiftD'i  •(>iikii  nicii-*  ■luabDWB.BadcarUlaof  iliooifarr 
orguu  u«  wynwuted  In  oatlinr.  The  bftna  of  Uw  ton  and  Uod  Umba 
sro  liKUoaMd  bythodottcdouillitM.  InnUcaowin  which  ihs  fall  longib 
of  llic  tu-r\«  U  no4  ihown,  Ibo  *s<l  i>  MfMMiiteil  ts  (bough  enl 

iC.lft«r  IIU.)     .lU. 
BF.tUUMwi'iiMlii    BICn>M-bnu. 
W»      BI.  mimnrj  n^lA    WO.  Hwl*|ft .      ...  . 
»iMllMi<<aMamliwmL    Hr.aL  ■■HP*—  ■  **  «uMji«l  amn.    WH.  ilwJi 
fertcv   OCl'Moq^   or.Mtanory  ?*■   BB-hft— nil*   BT.wuinitL   M, 
«uu  Kanrrtolu.    TL  t(w«u»  li»t  «t  laUMBc.   TI.  mK.    W.  tl*«.    HI.  tWrd 
* ™     B««,   p,„tal    ,„r^     V.  tl.—IW   ffMlkB.     -V^  iSiiilwH 
■                               -  "(ftfKlM)  ■■•rnL    VKaniIUuTbfUDli«t  ■?bk,vMrn£ulHne. 
■                                      ■l>ot  arik.  iir  trlciaitMluim.    TIL  <«^iaB  •<  tb*  nik,  •• 
■                                       aodlAUDf  lb>  d«btl>.«r  •BdUUiy  M(v«,    IXBlatk.ac  akav- 
■                              \gMuiiinn<4iii*m«<it  U$tMli.«*pH«iiaaMfto  Htm.   XZ. 
■                                 ^lal  uMtaHT  MfT*.   TTTi  nm§  if  !!■  njnti  n  liji^l^i 
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apponr  in  tbo  earlier  part  uf  the  Tourtli  w&ek  ;  Uiojr 
close  to  the  iuuer  wall  of  the  tipinal  cord,  aod  are  be] 
bo  foi-iiied  by  divmon  of  the  geriniaal  cells,  though 
HtMe  that  tlicy  may  <^l"u  unito  directlr  from  thv  spon; 
Eticli  neiirobl&Mt  oomiistH  of  a  larjj^  ovoid  nueleufi,  sumn 
a  Uiiu  lajer  of  protopltteiu  wtiicli  is  produced  at  one  pc 
lotig,  strialcd  tail.  TIk-  iii-\irol>tn«ls  bi.*>coin<*  the  nem 
th<^  ndiilt  spinnl  cord,  while  llieir  tailu,  by  further  el 
beoootc  th«  &xa  cylinders  of  the  oenres,  round  whicli 
st»f^  the  medullary  and  Scltwann's  ehoaths  are  formed. 

Each  ii<>urobla«t  at  Brt-t  givofl  rise  to  ouly  ono  pi 
toil,  wliicli  is  directed  tovcnnU  the  outer  surface  cf  th 
cord.  Al^ur  tboir  first  turuiatiua,  the  neurohhutta  wnn 
wiirdit,  AjipaivH lly  by  their  own  activity,  to  tihe  auU*r 
the  ounl,  where  the)'  lie  about  the  janction  of  the  nu< 
reticular  layers  of  the  inydospongium.  The  budies 
iivumbtiut«  remain  vmbccldtsl  in  the  §pittal  conl,  but 
or  Mcia-oytinder  proeessee,  grow  outwards,  tlinaoditi^  th 
throiij^h  the  iu«?»hes  of  tliR  myelospongioni,  and  ul; 
nNiching  the  ouk-r  siirfnt^v  nf  tho  ^piaal  cord. 

Tbo  nouroblaata  incivnMi-!  rnpidly  in  numUirs  dur 
fourth  week ;  tbey  iikivh  oDtwanlH  towards  the  surfnce 
cord,  uiid  ftt  tht!  t-ut]  oftlit!  week  (I'lj?.  liiGj  form  a  wcil- 
l&yer,  sx,  spokeu  of  as  tho  nantle  l«y«r,  just  beya 
nuclei  of  the  spoujjioblsst*,  m.  Aft*r  the  witJidruwal 
neuroblustn  from  the  lunor  Hurfhca  of  the  spiitul  oa 
spongioblast  a  in  this  region  cloee  in,  and  b«.'i;oiDv  Bmon^ 
layer  of  columnar  celts,  which  iic()uiri*citinAtt])«ir  frfM^-  4^ 
form  the  characteristic  epithelial  liuiug  of  tfai-  ctmtjrU  c 
till)  Kpiiial  cord. 

The  motor  roots  of  the  spinal  nerrei.  In  the  latter 
the  fouitb  Bwk,  lLl-  iieiimbltisW  (Fig.  220)  are  inuc 
itbuiidunt  ill  tbp  vcutro4iitcrul  regiotia  of  the  spinal  00 
elMtwlii-n.-.  Thtiy  90011  beooriie  arranged  morv  or  ]. 
in  gruupii.  &iid  ihn  uxiii-cylinder  proceniee,  conv«: 
buDdl(»,  grow  out  beyond  tho  outer  Rurfiufe  of  the  npii 
and  fonii  tho  VL-ntnil  or  motor  roots  of  the  npinal 
Tht'  Brat  trace  of  these  motor  roota  appears  about 
fourth  day,  aud  by  the  end  of  tho  fourth  week  they 
«^l»bti«lK-d  along  the  greater  part  of  llio  length  of  \ha 
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The  ventral  or  anterior  commiBsare  of  the  spinal  cord.  The 
iieuroblnatd  of  thu  doi-aoUtLTu.!  utcos  of  llit>  cord  also  give  utT 
tierve  processi^a  ;  but  these,  iu  place  of  pos^inff  out  ticyond  tlif 
cord,  run  in  its  walla.  Some  of  the  nfrv«  fibres  tnko  a  loiigi- 
liidiiinl  t-ouriT,  nnd  give  mt-  to  tin-  wbiti^  colamns  of  tJie  coni ; 
wbiltj  otlwrs  (Fig.  22G)  run  downwards  t<t  its  \-entntl  ffurTficr, 
iutcrlaciiig  with  the  fibres  of  the  tuolor  roots,  and,  on  reaching- 
Oio  iiiid-vcntral  surfaco,  pass  across  to  the  opposite  side  of  thl^ 
conI,  and  so  give  rise  to  thn  veutral  or  anterior  commissure. 
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,  no.  —  A  diugnunnuitla  UnntTnrtR  aiictli)!!  (uhom  tbo  •plna]  ocnl  of  a 
HoMMi  Sattnjtt  of  lb*  (minh  week.    (aTim  Ilia.)     >  ISO. 

VOoMtnlMMlol  ttlMlMnL  BTC  diviat  nMa(  Mati"*"*.  ITI.nwMKt 
•inuMilMik  VV.  nocnt  «■  nwur  nouof  Qtad  DMTa  VW.  TMlnl  HOaiMUt 
al  wUM  Valta-,    hB.  leaivUHL 

Xlw  dorwU  or  Mosory  nerre  roots.  The  ijarlj  origin  of  the 
H|Hiuil  ganglia  iti  tlie  Uuman  embryo  has  not  beeu  made  out 
very  utisfactorily ;  so  Gir  ns  is  known,  it  ngroes  in  all  essential 
rMpects  with  that  already  di-scriUrd  ua  occurritig  in  cluck 
ombiyoK. 

Iu  KoDmenn's  embryo,  estiniatod  as  fottrt«en  days  old 
(Fig.  \BS),  the  ganglion  mdimenb)  ant  deecrihed  by  Lenhos»£k 
as  ariang  before  cloaare  of  tho  neumi  canal  W  eRoctod.  iippcar- 
iug  ID  trannerca  aectioos  as  small  beapd  of  luunded  cells,  the 
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nearal  ridges,  in  the  nnglca  between  the  external  ejubUtf 
the  neui-ftl  ]>Iate.  Oix  closoie  of  the  nptiral  caiuU,  the 
ndgee  of  tto  two  sidt-s  Uecoiuo  coutinuous  with  each'oiher  in  the 
median  plane,  to  form  the  neural  ci-eat.  TIio  ni-iirai  crest  ae^ 
rates  fmm  tin.-  (.-st-cnitil  t;piblust>,  Irat  remaiDs  iu  dose  contxl 
vritli  Uic  apii)ftl  nord,  fonning  »  nuttx  of  sphericul  cvUs,  «(«M 
iu  like  a  keyfitriim  botwoi'ii  lliu  (Iai«ul  edges  of  tbe  n^unl  |klale 

As  the  edges  of  the  neural  plate  ^row  in  tow.ird8  eaMrfa  ntbrr. 
to  complete  t-lii-  dtiniiU  wnl!  of  tin.-  spinal  coM,  tin?  Deoral  cT«t 
i»  gi-adnallj-  tKjUrieiiwl  out  from  lietweea  tbem,  «ml  its  medin 
part  tliiiis  nway  and  disappears.  From  tliL-  lateral  edge*  rf  t^ 
neural  crest  outgrowUiE  ai-iee,  which  form  tltu  rucliiU(Mit«  of  tk 
spinal  gtinglin  :  t1ie-te  orn  nt  Qntt  cxcovdio^rly  alcmlar. 

Tbf  imnicdiateljr  euccec-'ding  stages  in  tlie  dewlopniut  W 
the  ganglia  hove  not  been  followed  sati-ifuctonly  in  Immtli 
euibr^uK,  About  the  midtlla  of  th«  fourth  weok  the  gnasfia 
hHVP  attainud  considerable  ehe,  nn<l  iieiiroblasts  ar«  pr^wnt  ia 
tliein  iu  large  numbers.  Theee  ueu.iv>blnet,s  ditier  from  thooerf 
the  spinu.!  coi-d  in  being  bipolar  iu  place  of  uiiiuolar,  rn4 
neuroblast  giving  off  two  processes  in  opposite  <lirvcliufi&  tn- 
■wunla  and  outwards  reepectively.  The  inwardly  directed  pwv 
cesaea  grow  from  tlie  goaglion  into  the  spinal  cord,  and  gii* 
rise  to  the  dorsal  or  soiiBory  root  of  tlnv  nerve  (Vig.  ii2C,  snl; 
wliile  tho  outwardly  diwctvd  processes  give  rise  to  the  oftaaj 
portion  of  the  t  ruitk  of  the  nen'e.  It  in  stated  that  all  the  Ceth 
of  a  spinal  ganglion  send  nerve  processpe*  into  the  niinal  aai, 
hat  it  is  not  yet  certain  w1i{>thi>r  all  the  fibres  of  ■  doreal  rM 
ure  directly  connected  ^(itb  gaugliou  cells. 

The  lator  »tagc8  of  development  of  the  spinal  ncrrTO  neeJ 
not  be  described  in  detail.  The  iieuroblastg  give  rise  directly 
to  the  nvrvu  veils  of  the  cord  uud  ganglia,  each  neoroblMt,  it 
th«  tiikT  stages,  giving  off  procesw«wt  u-hich  come  into  do« 
relation  witli  those  of  adjacent  cells,  but  apparently  do  notanM- 
tomose  with  these.  Kacli  nerve  fibre  arises  iu  the  first  instaflv 
aa  a  proc<'«»  of  ii  singh-  clI  or  neuroblast,  hut  it  ia  ncit  rni^ 
clear  in  what  mode  its  further  gi-owth  is  effected.  Jlie  mni 
otberg  maintain  that  it  is  simply  by  a  continoatioti  of  tlie 
procenB  by  which  it  tiret  nruse,  and  that  tho  axis  crliuder 
throDgboiib  Us  whole  length  is  lo  be  regarded  as  a  dlrfd 
prolongation  of  the  body  of  the  Dorve  eell  froiD  which  it  arievs. 
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SlifiHtigators  bold  tbnt  in  the  ruri)u>r  elnogKtion  of  th« 

Tarii  cylinder,  i\fter  its  tint  ajiin-umiitv.  the  colls  iti  tbe  oeigh- 

'bourboTHl  nre  actively  cuiiccruetl,  tin*  nei-v©  (ibtw  bning  ronued 

(<itIiiT  by  thfl  linear  fusion  of  tirigiiulty  indopcndimt  cf^lh.  ar  a« 

a  proci'Rs  of  Bccrt-tioii  by  thp  surmunding  cclln.     TIis  balnticp  of 

>  evid<-iic<^  at  preoent  apjinurs  to  be  decidedly  in  favour  of  tim 

I  finl-meQtioned  v'tev,  i.e.  that  a  nerve  fil>re  is  to  be  regarded 

I lirotighout.  iti  vhole  length  as  a  pmce^  of  n  single  n^rvv:  i\M1. 

The  bloud-vi-sm;Iii  of  the  Dpiiul  cord  do  aoC  uppear  until  tbi' 
b<-ginniiig  of  the  fifth  week  ;  tbey  are  carried  into  tbi*  c>rj  by 
conniHTtivtf  tisauo,  wbicb  gron-g  into  its  Kuhi^lonoc  iniin  without. 

Tlieupina]  cord  steadily  incrrascsin  di«int-tcr.  mainly  through 
tbc  formntion  of  the  lungil udinnl  Imiulii  of  whil«  matter,  t.r. 
of  Mfrvf  fibres,  on  its  outer  aurfact".  The  mediftn  fiastures  of  th« 
ourd  an<  (urmed  in  lh«  saints  way  as  in  otlter  Vertebrates,  the 
ventnil  tissure  being  n  cUiok  loft  botvrcou  tbi?  vcntml  ooliiinDa 
of  tbo  con);  while  tbe  doraal  fiaaurf*  im  of  ealtivly  ditforent 
nrigin,  nnd  is  du^  to  thf  al»oqit.ion  of  thu  wibittance  of  the  cord 
along  the  donml  »arface  in  tbe  median  plane. 

Tlie  seat  of  mottt  active  nerve  growth  in  the  eorly  stage*  it 
the  neck,  the  cervical  nerves  being,  Itotb  rclatiroty  and  nbao- 
liiccly,  larger  than  the  hiiidur  ones  during  tbo  early  Rtitges. 

Tbr  corvicnl  nnd  bmcUinl  plexuses  comincnee  to  fonn  aboiQt 
tbe  tweiity-soventh  <luy  ;  tbe  luuibo-flncral  plexus  ralher  lutnr, 
about  tbe  thirtieth  day  (Fig.  227).  'I'he  pliretiic  iierre  Bpp««rB 
about  tbe  tbirtietli  day  as  a  brancb  of  tbe  foartb  cervical 
ne«'e. 

'file  cervical  uod  lumbar  Bnlargetuvnts  of  tbe  spinal  oord  nrp 
present  in  tbe  aecoiul  iiiontb,  and  are  well  lourked  by  ibe  end  of 
the  third  mo»tl>  (Pig.  218). 

The  sjiinftl  cord  origiimlly  ext^^ndd  to  th«  laAt  candftl  rer- 
tebra ;  and  up  to  the  end  of  tbt-  third  moutb  the  groirth  of  tbe 
ajiinnl  c-'-i-d  kei>ps  pace  i*-itb  (bat  of  the  vertebral  column.  Froiu 
the  tourlb  moiitb  onn-mdH  tbe  %'L-ilebnd  colonin  grows  more 
rapidly.  By  tbe  sixth  month  tbe  spinal  cord  only  extends  ki 
liio  Bicml  viit(^>bm' :  iit  birth  it  BtojM  at  thu  third  lumbar 
vertebm,  while  in  the  adult  its  lowt<r  end  Li  op|>oAiU<  iho  lowvr 
border  of  the  Srst  lanibor  vertebra.  This  fiburt4iiiog  of  the 
fi{Hnal  oord  rt-lnlirely  to  tbi*  vort-ohral  column  is  the  canse  of  tbe 
obliquity  of  tbo  rt">i«  uf  ihe  bimW  >i|iinal  n«lTe»,  whicli  hi\v<-  to 
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run  hack  ^otIlB  distiiiice  nlnn^  tLe  vcrtebi-nt  cniinl  belbn-  tmA- 
ing  lliwr  fyramiiia  ofexil. 

:i.  The  Cranial  NerveB. 

Tha  sbroctare  tit  rlie  bi-am  iu  t\w  eurly  et-ages  of  dcvploMneoL 
null  tho  sdqui'nce  of  clmiigi^'5  wliioh  it  i)tidergtK>«.  are  timilw  u 
thoae  uf  the  sjiinul  curd  in  »11  etuieut ml  resjjccta. 

In  tl»e  latter  jiart  of  tlie  thiwi  wi;ek  a  mj-eIo6|ic>n^iiin,flr 
epithelial  fniracwcirk  is  foniiMl :  in  tliis  aii  outor  or  toaiitlc  bstr 
eoiitaining  IleurtlbIa^ts,  cnn  early  he  dLstitiffiij^iKhJ  fnim  a  tliicb? 
itintT  plotc  iu  wliic-li  lie  tbi*  nuclei  of  the  spoiiL;iDbla»4A.  IV 
neui-oblasts  (»ive  ria-  to  axiB-cvIindi-r  )>rocpi>iiC8,  wbicli  either 
coUoct  in  bundle*  mid  graw  ont  from  thf  brair*  ns  the*  tncpw 
roots  of  tlin  ci-anial  m-rvrs,  or  t^l»c  run  in  the  subsiancp  of  tb 
Iimiii,  Umtjitiidinnlly.  <>lil!()m?!y.  or  transversely,  to  form  the  tnct* 
of  while  matter,  o\-  m-i'Vf  tibree,  which  ccmuect  the  brain  witli 
the  cpiil.  and  the  several  |iart8  of  the  iMuin  with  one  ttnotiw. 
Other  liniidlcB  iif  m-rv©  librt.'»  enter  the  brain  by  grxiwinv  into 
it  from  tho  ganffli:*  ff  the  neimory  criLtiiitl  ni«rv(.*B. 

Hisloiogicftl  dift'Teutiiitlon  is  BKtabli.shed  io  tiie  luednDi 
obloEpntft  even  earlit-r  flinn  in  llit*  spiiuil  curd.  In  the  cer»bnl 
hQmiK|>hvn.-s  it  (im-s  iiol  iijip^ar  until  n  compamtfvelv  late  stneo 
of  devfllopment.  All  the  crnnial  wtvos  nrv  deliaitelV  fonned  \n 
the  t^nU  of  the  fourth  week  (Fig.  227). 

The  cranial  m-rvt-a  are  more  diflicult  to  deal   with   thaa  1^ 
B\i\ah\  iicrv>>g.on  Account  oi'  their  nunt  of  uniftirtuiiv  laansiall 
ment,  and  Ua*  great  iliffei-eiicps  in  mze  and  iu  wliuioris  whicb 
tliey  ijresent  aiuonjf  iliemselve*. 

With  thf  pos«iI>l<-  fxefjitioii  of  the  optic  Der%-e,  howorer  ft 
appeiirB  that  tlie  ci-anial,  like  tlie  spinni  nerves,  may  be  ctmikd 
into  two  ciiteirorie-' : 

(i)  Centrifugal  or  motor  nervea,  which  are  formeii  by  oui- 
jrrowth  of  ni^ia-cj-linder  processes  from  groope  of  DfaroMwifl 
aitunt^^d  in  tli'-  Iiniii  ilsi-lf. 

(ii)  Centripetal  or  seiworj  nerve*,  which  are  fbnDc-d  h*-  oui- 
growth  of  axis-cj-Under  processes  from  groops  of  ni-nroblastf 
sitnatwl,  not  iu  tlie  hraiu,  btit  iu  the  Heasory  iratijflin  ontsltlr  llw 
Ijmin  ;  (he  procfssfs  growing  in  two  directiyua.  inwards  into  the 
dii1)atance  of  the  hmin,  ami  »utward«  to  the  peripheral  distribtl- 
tioD  of  the  nerve. 


Pia.  327.— Dioipiuiutiatle  dgvrvot  »  llnnan  Bntirjrn,  leltersd  bj  IYdCmmv 
IIU.  Ko,  BDd  ^tinaUed  ma  UUitf-ooo  daj«  oM.  Tbe  brain  •iw)  i^oa) 
<KW(l,MKllbeciBBial*D<l  »piiu)  Bvrvw  sr«ttio<m.»»tlmnKinof  tlte  Mlwr 
MgMis  an  npnMUed  iii  oniiliK.  Tho  tacts  of  Um  ton  and  hlwL  Urobi 
«re  iDiUealcd  bf  Uie  doUCd  oullloci.  In  all  omm  In  which  tlio  fall  length 
of  tfas  »nrvi>  b  But  ihown,  tb»  tud  i>  npraMiitad  u  (ho«gb  ent 
(AlUr  Ub.)     - 10. 

BF.  OnImbwitAaIml.  BK.  oM-knla.  BB,*cr«nl  lMi<»k<fa.  BT.ottaMMT 
Wm  BC  ««a>T  «*^I(L  FO.  Vn>t*|l^•  iH^hM.  OO.  nhmn  ^ataHm.  RV, 
tuiiiw«i|l»ihi  iM  II  uliiiMliiiilllnj  mulw  S.l.«tMUnialBn«cw*lMtlMC**. 
HA  «*•!«»«<  tMttinnwlDMrrfi.  W  JL  «u|Um  i«  1m  lash*  m**«  ■.9a. 
•HNMMdtMMimlDfm.    H.31. nnsIM «d_M  «Min«l  BarnL    ■E.tbn^* 

•lniinr*Tb.ll^  fl,  tM*>"  >"*  •>' »»-Mm  Tlh*^  W.ll>«-  IZLUM^ 
naoW  Mrvr.  IV.  tourtlt  omaM  ■■*»  T.  Hfc— «—  <m|1m.  V*.  iiBliHii^ii 
btVKhotAlih.  «t  IrttvBloilnvn.  Th  BimUkfy  tifciigfc  ■«  UU. «  olHalHl  mbt*. 
VAmtaWnlarlirMihAf  «fU..->(  IIi«Mil»allMm^  TIL ^nRUm  «(  iIh  mMtK ar 
koUlHrrt  TUL  »>>>lkHi  (<  tht  «KUh,<ir  anilMr  ■«*».  QCnMlLath^ 
Ifcw;  mwl  DiifcjL  >«Wll">  «<  tlw  rnnt  w  ii*  mitli.  b*  faiiii  jrti  fw.  XL 
r<M*«IUiaitrr«iih,Mi|4ptfaMMOTucr'A    TH  r  '    fTr"   itrr.  iiijihIimiiI 
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The  nvrves  uf  the  6rst  set,  i.e.  tJie  motor  iu>nvi. 
localised  ceutirs  of  orijnii  in  the  braiu  :  tlit>  nen'es  uf  U»^  stKuad 
set,  or  ueasory  m.-rves,  nre  not  ctcfiattely  lociitiEed  in  the  Inm, 
L'xcopt  b^-  th<-  jjoiiiltt  «l  wliieli  llic  fibres  enter  the  brain,  lb 
tw'ii  groups  of  nun'^B  arieu  iiidupenilmitly,  aa  in  the  case  uf  ik 
spinal  nerves,  'Iliey  may  retaiu  tlicir  inilej^eudeiKe,  fonniif 
jHiifly  motor,  or  pnwiv  »«ii«iry  iicrws ;  or  tlit'v  maj-  becomt  Jam 
or  I<^S8  closely  ostiocinted  with  oru'  uiiotber  to  form  v^m*  d 
iiiixtt],  motor  luii)  senstiry,  ruiiotion. 

The  coiirso  i>f  tJn-  craninl  in-rvws  in  the  eorlv  stflses  of  liajf 
dcvf-lopuiL-nt  IB  curiotwiy  striiiglit  (Fig,  227);  their  main  tLr**- 
tioii,  like  thnt  of  the  sptuaj  nerves,  lieing  at  ri^hi  angles  ts  tk 
axitf  uf  the  hi-ud,  or  braio.  at  tb^-ir  point«  of  origin.  This  initiil 
coui-stt  in  llnlile  to  diBturliancf  tbrnugh  i^hifViiiif  r«>IatioLu>  uf  ll» 
parts  with  wliich  the  iitTv»s  are  in  connection,  or  thntutli 
growtli  of  t-he  skeletal  or  other  npigbboiirinjf  parts.  Ths»  the 
fnciul  iiervf  is  »t  lirRl  ^triiight,  but,  owing  lo  the  tclr^icopiiu;  o( 
the  hinder  visceral  arcli^ti  within  the  anterior  ouea,  its  coant 
becomes  iiuidi  modifieil  (Fig.  227,  vii). 

Ill    iiiaiiy  in&tanc*?^  Home  fuitlivr  explanatiou  is  nxiitind: 
thui«  tlio  {;!o8)iopharyii^-i\]  nen-c  oxtemls  fai-wards  in  front  nf  in 
pix)ptir  territory,  in  oi-der  lo  reach  th«  ciroiiiiivallate  paniftir  rf 
the  toQffue;  while  the  facial  uerv«  extends  forrrnnls  lo  Ifat-  fOn- 
}iead.     An  intcreMting-  cam-  is  the  extension  of  the  pnctuaogsEtnc 
nHrve  to  the  hi-ait,  lungs,  and  BtKimncli.     The  postoriur  limit  of 
the  hefid  may  be  takea  us  iudicated  by  the  hinder  bolder  of  the 
second  broDchial  arch ;  or,  in  the  adult,  by  tlie   buDudarr  lior 
botwefln  t.lirt  thyroid  and  ericoid  cnrliln^e«,  if  CallendtT  and  Hi* 
are  ri^lit  in  n-gartliiig  the  thyroid  cartilage  as  developed  from 
the  cartilaf^  of  the  second  bi-ancKial  arvh.      Id  any  cskt  (ht 
heart,  Inngs,  and  stomach  aro-,  in  the  adult,  far  behind  the  head 
region.     It  must  be  remenibored,  however,  that  the  heart  origi- 
naJly  lies  between  the  ventral  ends  of  the  visceral  uixiht's.  a»d  t^ 
tho  liingtt  &ri»o  from  tho  lloor  of  the  pharynx,  ao  tbat  bgth  heart 
and  lungs  miUly  lie  within  the  proper  ai«a  of  distribntion  uf  tV 
pnt-TitnogiHstric  ucrvi*.     The  stomach,  however,  does  not  do  so. 
and   iu  order  to  rentJi  it  lliw  piidutnogaetric  n«rve   inu^t  naifr 
beyond  the  limits  of  its  mvn  territory. 


In  doecribirig-  the  cranial  nerves  individually  it  i^-ill  be  cob* 
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Tenumt  to  am»igi>  theiu  in  two  groups,  in  ftCC0n1»nc«  witli  the 
distinction  Uid  down  abovL>,  and  to  fleitcribe  tlte  nervea  of  eitch 
group  in  onler,  from  behiad  forwards. 

Group  A.  Ni'rvcN  arixiug  from  groups  of  ncnrobWls  in  tlia 
Kuljftanw  of  the  bmia,  ia  tlie  same  way  a»  the  ntotcr  or  trciitml 
root.d  of  the  i^piDal  uerves. 

To  this  group  bolotig  the  tliird,  ronrtfa,  and  sixtli  Berres  ; 
tJi«  motor  root  of  the  trigcmiiml  iicTve;  thi»  fneinl  ncrvt>;  tlie 
motor  rootH  uf  the-  ^loAi*oph&r;ii|fOiil  aiid  iJnpuiiiogaHtric  nurren : 
and  the  ttphml  accetaory  and  hy|)ogl(MMil  hitvcb. 

Along  tilt-  apiniil  eorA,  tltA  motor  rooti«  all  l«vavi>  th«  cord  at 
tl»e  saine  ImriMntal  Ipvi-I,  the  gole  exception  bpring  at  the  anterior 
end  nf  tlii^  ciTvical  rvf^ion,  vrhcfO  the  hinder  rocita  of  the  spinal 
tuxeettory  iit-rve  arise  nt  a  Iert^l  dorsal  to  that  of  the  motor 
spiaal  roots.  In  tlio  brain  them  nri'  two  wri**  of  motyr 
root«,  a  veotral  nriei  imd  a  Ut«t«l  wrlM;  thi;  VfuLrul  tK'ries 
inrliuling  tho  hvifiglor.vtl,  ihn  ^ixth,  ami  pi-rltajia  Uie  loarth  and 
tJiird  nervw  ait  well ;  nnd  lh<>  luleml  series  including  tlie 
anterior  roota  of  the  spinal  accef>sory,  and  the  motor  mola  nfthe 
pnvumogajstric,  gloMKiphiir^'[ii;>*nl,  fiicial,  luid  IrigiMuinal  nerrtw. 

Th«  bypi^louid.  or  twelfth  cruiial  nervA  (Fig.  227,  xil). 
aridv-t  by  a.  Intig  rMTii^s  of  ruot>t,  rucli  fuiiueil  b}'  u  bundle  of  axis 
cylinders  wbicJi  arise  as  ontgrowtbs  frum  a  tfiwp  o^  nearobhuts 
in  tho  VL-ntro-lat^'^rid  null  of  the  rneiliillaoMongata  (Fig.  22B.  XU). 
The  roots  comntenoe  just  in  front  of  tlte  motor  root  of  the  first 
spinal  iiervo,  and  in  line  n'ith  this,  and  extend  foririinU  to  the 
level  of  the  g]osBb]>baiyngeal  nerve  and  the  posterior  border  of 
tho  auditory  veeide. 

The  mode  of  origin,  and  the  position  and  itjlationa  of  tht-w 
roob«.  strongly  suggiNtt  a  ooiniHU-ison  with  the  vviitral  or  motor 
spinal  roots. 

In  eheep  embryos  FVoriep  describe  a  denuil  ganglionic  mat 
of  the  hypoglossal  nerve,  in  addition  to  the  vt-ntml  mott^,  so  the 
comparison  with  n  ^pinid  nerve  or  nerves  Aeems  (|aite  legitimate. 
In  human  embryos  at  the  end  of  the  fourth  week,  and  begianiog 
of  the  finh  week,  []i?  has  described  a  ttmall  gangUon.  wltich  he 
tuunnt  Froriop'ii  ^ranglion  (Fig.  -i7,  fo),  lying  imtnediatidy  in 
front  of  the  tiret  c'en'ical  gnngtioa,  N.l,  and  in  line  with  this. 
Kroriep'o  ganglion  ia  small  and  gives  oil  no  iier\'e8  ut  all,  and  at 
II  elightly  later  stage  it  disappears  alti^tber;  it  appears  faow> 
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ncurni  liilges.  in  the  unfiles  brtwceu  tlie  external  epililaat  and 
the  neural  platv.  On  closure  of  ihV-  nvural  conul,  tlio  ncaml 
ndg«s  of  till.'  two  ftidea  become  continuiRis  witJi  enob  oUior  in  ihf 
median  plnne,  tn  furni  tliL'  noami  ctvst.  l^he  Dpural  crest  seita- 
ratefi  fmin  tbe  external  epil^lagt,  but  reiuaiUR  in  ctoae  oontact 
with  tilt-  apinsl  cord,  fonaiag  n  ma>ie  of  spherical  colls,  wedg^ 
in  likts  &  keystone  between  the  dorsHl  edjitM  of  tim  nouril  plate. 

As  tJie  edges  of  tin;  ucurQl  plate  grow  ta  toward*  each  othrr, 
to  complete  the  dorsal  wall  of  tbt>  8|i[iial  cord,  the  neural  crvst 
is  j^-nduallr  squeezed  out:  from  between  them,  and  its  modion 
part  tiling  away  and  disjippejirs.  F(\tm  the  lateral  edgCH  of  tliB 
Dcural  creel  uutgiowlhs  ui'iae,  which  furm  tlit.-  niiliiiieiit^  of  th« 
Kpinid  gunglin  :  tliese  aro  at  first  oxct'odinglj"  slender. 

The  ininiediately  succei-iling  titages  in  tiie  di^velopineiit  of 
the  gungliu  have  uol  been  followird  aiilii^fnciorily  in  human 
ombryoB.  AlMut  the  middle  of  tbe  fourth  week  the  gungliaj 
havR  attained  i>OT)<^idenible  eize,  and  neuroblasts  are  preseut 
tliem  in  largo  numbcre,  'ITn.-si;  uuurubhutts  ditfer  fmm  those  of 
the  spuiat  cord  in  lieing  bi]»iUr  in  );)lace  of  uniprdar,  each 
n«oroblaat  giving  off  two  prowesea  in  opposite  dirpctioua,  in- 
wards and  outwards  res]iecti%'cly.  The  inwardly  directed  pro- 
cesses grow  from  (lie  ^iiglion  int4>  the  spinul  uoni,  and  give 
riae  to  the  dorsal  or  senaory  root  of  tJw  nen-e  (Kg.  226,  Nl>) ; 
wtiile  the  outwardly  direct*fd  processus  gire  rise  to  the  sensor; 
portion  of  the  trunk  of  the  nerve.  It  ia  stated  that  all  the  evils 
of  a  spinal  ganglion  itund  nerve  prociwsrji  into  the  spinal  coi-d, 
but  it  in  not  yet  eertaiu  whether  all  tbe  filnres  of  a  domnl  root 
are  directly  connected  with  ganglion  pella. 

llie  later  ^tagea  of  developiiieut  of  tlio  Mpinnl  ncrres  need' 
not.  Ire  d<-M-ribed  in  detail.     The  ueuroblasta  give  rise  dii-ectly 
to  the  iiervu  cellH  of  the  cord  and  gaDg'Iia,  uach  neuroblut,  in 
the  later  stu^i-^  givinff  oflf  proceesea  which  come  into  close 
relation  with  tboee  of  adjacent  celU,  bat  appai-ently  do  noi  ann«-J 
tomow  with  these.     Bach  nerve  fibre  nrhe»  in  the  Grgt  instance' 
aa  a  pix>cc«  of  n  single  cell  or  neuroblast,  but  it  is  not  qnite 
clear  lu  what  made   its  fartlicr  growth  is  efiected.     Hia  and 
othen  mainluin  that  it  is  simply   by  n  continuatioa  of  ttuj 
process  by  which  it    timt  arose,  and  tliut  the   axin    cyliiidai 
throughout  its   whole  length   is   to   be   regarded   ns    a    direct 
prolongation  of  the  body  of  the  nenre  cell  from  irhidi  it  arUcs. 
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root  Ir^  in  close  relation  with  Froriep'e  gaaglioQ,  ra,  »ai  m  very 
little  distance  in  front  of  tlic  first  cervicsl  Darre;  white  the 
■no»t  nnterinr  nxit  Hrs  just  Iietiintl  thi>  pnptimogsstrio  nerve. 
TIk  PL<rvi<.-aI  roots  of  tlic  Hpiiiul  Komsory  ncn'f  do  not  apfMU" 
until  a  later  Fita^,a  probablv  indication  that  tJieBpinal  aoceaacuy 
in  to  bo  reganli.-i]  no  n  oninin!  inthi'i"  than  tut  a  ajiiual  rifrvo. 

The  motor  roots  of  the  pneumo^aatrio,  or  tenth  oranial  nerve 
(Fign.  227  ait<l  228,  am).  Ttiese  lie  imnietliiitely  in  frvat  of  the 
anterior  root))  of  the  eptoal  nooMsonr  non-o,  and  in  lino  with 
th«m.  Thpy  arise  from  groaps  of  npurolflaels  in  the  iralls  of  the 
tnvdulla  ohlongntA  (Fig.  228),  in  a  laiODer  pracisol^  similar  to 
thai  in  which  the  wiitral  spiiml  root*  ape  fornietl.  The  in-rve 
Gbn>e  converge  to  fonii  Bmnll  himdira  which  loaro  the  nit^^uUa 
immediately  ventral  to  the  much  larger  and  moru  conopicnons 
aen^ory  root  (Fig.  228,  x.s),  h^-  which  they  are  coTered  and 
mori>  or  tot»  (.tiuiplHtcK-  ooiict>ii1od. 

Tlio  motor  rooti  of  the  glouopharjmgeal,  or  ninth  oranul  nenre. 

aw  exactly  siinilnr  lo  ihcMM-  of  thir  piiviiiiif>gji-itrir ;  tht-y  Ho  ira- 
mtdiati'ly  in  front  of  the«c,  and  in  line  vith  them,  and  in  tmn»- 
v«r»e  sections  present  an  appearance  practically  identical  with 
that  flliown  for  the  piionniogastric  nerve  in  Fig.  228,  x.n. 

IV  facial,  or  seventh  ennial  nerve  (Fig.  227,  vii),  nnsM 
from  a  groap  of  nenrohlastH  in  the  side  wall  of  tlie  medulla 
oUougato,  opposite  the  auditory  veeicle.  The  hundlo  of  axis 
cylindLTE,  fonned  tut  outgrowths  of  the  neuroblasts,  does  not  at 
once  paas  oDt  from  the  medulla,  hut  runs  ronrards  a  short 
(liHtaiice  in  it«  eub^tance,  and  emerges  imnirdiatdy  below  tba 
auditoiy  nerve  and  in  very  close  relation  with  this.  The  toot  of 
the  facial  ner^-e  lie«  in  tine  with  the  motor  roots  of  the  glosao- 
pbuiyugral  nud  iincumogastric  Dorves,  ijt.  it  belongs  to  the 
lateral  M3rii.w  of  dkiUm-  mots. 

The  chorda  tympani  is  present  «arly  in  the  fiftJi  week  as  au 
anterior  branch  of  tho  liKinl  nen'e,  which  mm  in  the  tympnriiu 
mcinhrwnc,  but  tloc:*  not  yt-t  rvoch  tlie  trigeminal  uervo. 

The  uxth  orani&l  aerve  belongs  to  theventral  seriesoT motor 
roots.  It  arises  from  wveml  groups  of  nenroblasts  whieh  lit*  in 
tbe  Tcntro*  lateral  area  of  the  medulla  oblotignta,  in  line  with 

eIm  liypoglosanl  roots,  and  wrticnliy  brlow  the   ir)ot.  of  the 

^nBoditory  of  nre,  i.*.  n  short  dlttanee  anterior  to  tlie  root  of  thn 
^^hdal  nerrc     The  sixth  nerve,  after  emerging  fhmi  the  brain. 
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run  back  n^iim  dwtniic"  along  Iht'  I'ertpbmi  caiinl  beforv>  r^ae^ 
infj  thrir  fornmina  yf  exit. 

B.  The  Crania.1  NeivM. 

Tlie  Hliuictureor  tli?  bmiDia  thi*  eorlr  eUgf^a of  (li»ve]oiinieiit. 

nnil  tl(c  BL-qnonce  of  oliniigi>i;  wliioh  it  UDdergcjt^,  Are  simtW  lo 
those  iif  the  lipiiinl  cord  in  all  esHctitinl  nwpects. 

In  the  latter  iwut  of  tho  tbird  wcwk  a  mreloRpoDmuui,  or 
epilliellal  frauu'work  is  formed  :  in  tills  aii  onti_*r  or  moiitle  layer, 
coiitaiiiiuf.'  neoi'obUicts.ciui  early  bo  dwtiiijTuiiili«l  from  a  tblckcr 
iiiner  plate  in  whtt-ti  lie  tlif  nuclei  of  iht^  BpoiijtioUiwta.  "ntt 
ni'uvobliistii  (fivp  rim-  to  nxis-cylittili-r  |iroi'+--sses,  which  eilW 
collect  in  bundles  and  prow  ont  from  the  i)ruin  as  tb*  tnvut 
roots  of  the  cranial  nerves,  or  else  run  in  ihe  Bubti^taiin-  of  tli>t 
brain,  loajfitudiiKdly,  obliqiifly.  or  tmns^-ersely,  to  form  the  Intcte 
ul*  wliitu  matter,  or  ncrvt?  fibres,  wliicb  coniivct  th«  bruin  wiik 
Llie  colli,  and  the  several  part*  of  tby  brain  with  one  another. 
Other  bmidU's  of  ncn'o  fibres  enter  the  brain  by  gravnng  ixito 
it  from  thi?  ganglia  nf  the  sensory  cnuiiitl  nt?rve>. 

Histoloffical  diHerentiatioti  i»  Knt^hlisluHl  in  the*  oiednlla 
oblongutu  even  earlit-r  ilian  in  the  spinal  ounl.  In  the  cnvbnl 
hemispberes  it  do>.'ti  not  appear  until  a  coupai-ntiretv  late  stAPf 
of  developmont.  All  the  ci-aiiinl  niTVOH  are  defini(«lv  fonm-d  bv 
the  end  of  tin?  fDurth  week  (Fijf.  '2'27). 

Th*i  cntiLiid  iierv.-»  are  more  Oifliciitt  to  deal  with  thtin  the 
itpinal  nerves,  on  at'couut  of  their  want  of  unifonuitv  m  nmnf»- 
mL>ut,  and  the  grmt  ditTerenres  in  eise  and  in  rclatoon*  wlucb 
they  prvsent  amoug  lln-niSflvcB. 

With  the  posaibK*  exception  of  the  optic  nerve,  however,  it 
ajji«.>ars  that  tlie  craiiinl,  like  the  spinal  iten-eg,  may  be  divided 
into  two  caleiroriL-^  : — 

(i)  Centrifugal  or  motor  nerire*.  which  are  ibmied  hy  uot- 
l^wth  of  a?fiH-cy Under  processes  from  gronps  of  n«aioblasC« 
situated  in  t!ie  hraiu  it'i-lf 

fii)  Centripetal  or  sewory  aervOT,  which  are  formed  bv  odi- 
grOnth  of  axi»-cylinder  processes  from  groups  of  neaioblasU 
aitual^-d,  not  ill  tht*  brain,  but  in  th<*  sBnsory  j^ngiiii  oataide  tli» 
brain ;  the  processes  ffroiving  iu  two  direotioDs,  imvards  iuto  tbr 
substoncu  of  tho  brain,  and  ontwardi>  to  the  peripheral  dislrilni- 
tion  nf  the  nerve. 
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The  nei'V'&e  of  tlie  ttret  set'.  i.«.  the  motor  iioitn. 
lucsUaed  coHtres  of  origin  in  tlio  Inula :  thf  norves  of  the 
set,  or  sensoiy  m-iTt-s,  «re  not  definitelv  localised  ID  the  braiu, 
except  by  th<.-  poiii1«  nt  wliicii  tlie  BIuvb  enter  Utt;  brum.  Tlw 
two  groups  of  ntn'tfs  arise  iDilepeiiiltfiilly,  as  in  Uib  cast'  of  ilr 
spinal  nen'ea,  Tltey  may  retain  tbuir  iiidci>endeiii:«,  (onning 
purely  motor,  or  puraly  wiisoi-y  iiervvs ;  or  tliey  may  Lecotno  morf 
or  less  elo«L'Iy  wsodateci  with  om-  another  t«  form  a^rm  d 
mixed,  motor  and  sensory,  functJoD. 

Tbu  eourtw  of  tli«  cranial  uprves  in  the  oarly  stjijff^  of  llieir 
developnient  is  curiously  straight  (Fig.  227)  ;  tlieJr  maiu  dint- 
tiou,  like  t'liat  of  tlic  spiual  uurvL's,  being  nt  right  .id^I««  to  tbe 
axis  of  tho  head,  or  brain,  ut  tlieir  poiote  of  (■rig'iii.  'Jliis  initial 
oourso  i*  liidile  to  disturliance  through  shining  ivlatii-rix  of  tht 
[wrts  with  which  the  nerves  are  in  oonn(>ctioii,  or  Uitw^ 
growtii  of  the  aholetol  or  other  nr-iglibouring  ports.  Thus  tif 
facial  iiervt*  i*  at  first  straight,  but^  owing  to  the  tv\et'caping  «t 
the  hindor  visceral  arches  within  the  iinlerior  ones,  its  Mone 
becomsd  much  modilied  (Fig.  227,  vti). 

Ill    many  instance   «ome  furtlifr  i*x])lAuat!on   is  required: 
thus  the  glo«sop!iftrjiigpnl  ner\*e  ext^-nde  fonvanls  in  front  of  iti 
proper  t^rritoiy,  in  order  to  reach  the  circumvallMt*"  pnirillir  rf 
lh»?  tongue;  wliilf  the  facial  non-u  cxttuds  forward^,  ti^  the  fonr- 
head.    An  ititc-resting  ciii*e  ts  tht;  extension  of  th«  pnooniogastne 
nerve  to  tlie  heart,  lungn,  and  stomach.     The  ptiittrior  limit  of 
tho  head  may  be  tukeu  as  iudicat«I  by  the  hinder  bordor  of  the 
second  bruuchial  arch;  or,  in  tho  adult,  by  tixv  bouiiJur  lint> 
betwoion  th-.-  thyroid  and  mcoid  enrtilaifps.  if  Calleoder  and  Ui« 
are  right,  in  rcgurdiug  the  thyroid  cartilage  as  developed  (ram 
th«  cartilngi-  of  the  8M^OIld  branchial  arcb.      In  any  cMe,  the 
boart,  lungs,  and  stoniacli  ai'e.  in  the  adult,  far  Ixthiud  the  bead 
region.     It  must  be  reuiembercd,  however,  that  the  faeait  origi- 
uuJly  lie^  betwt^eu  the  ventral  ends  of  tho  visceral  arche«,  and  (bo.' 
tin?  luiigB  ariso  from  tlio  floor  of  tlic  pharynx,  »n  tliiit  bcitb  heart 
and  lungs  really  tie  witliin  the  proper  ar^a  of  distribntion  of  the 
pneumogiustric  nerve.     The  stomach,  however,  done  not  do  m, 
itnd   in  order  to  roach  it  the  pnenuioga&tric  nen'e   niuft 
beyond  the  liiuiti  of  it«  own  territory. 


7d  decciibing  tho  cranial  iiei-vea  iudivMuolly  it  will  bv  octf 
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venti^nt  to  fU'ranf>(^  tbiMn  in  two  ftronpe,  in  nccortlAQco  with  tJio 
tlisHnctioii  liiiil  down  aboru,  and  to  ()c!H;rilM  the  ticn'ps  of  each 
group  i))  onler,  from  beliind  fom'ards. 

Group  A.  XorTcsftrisiDf^  from  groups  of  ndQrobWts  in  liie 
BulMtAtioi  of  the  hmin,  in  the  fmme  way  iw  th«  motor  or  Tentrnl 
'root*  of  tbu  spinal  tiervri*. 

To  tliis  ^nt>up  belong  tfao  third,  fourth,  aiid  ntxth  ncrvcM ; 
tbe  motor  root  of  iho  trigcioituil  Der\'o;  thi>  facial  Dem<;  Uie 
motor  roots  of  tliu  glowopliarjnf^l  and  pnciinio)^''tric  nervra ; 
AtiJ  the  tipinn]  acceaaor^-  ainl  Iiyitoglotouil  nvn't>». 

Aloni?  lilt*  spinal  t'ord,  the  mulor  roota  all  lfiivi>  tlip  cord  nt 
the  same  hori/,oiital  level,  the  sole  exoeptioti  being  al.  the  anterior 
end  of  tlw."  cn-mcml  n-gion,  whrro  lln'  hinder  roots  of  tlip  epionl 
iioefvMny  nt'tvf.  ariiw  nt  a  leri'l  donal  to  that  of  the  D)ol<;r 
spinal  rootx.  tti  the  hmin  tht_*iv  iire  two  ^ries  of  motor 
root».  »  ventral  seriN  mid  a  Iat«nil  mHsb  ;  Ibo  ventral  series 
inrlnding  thv  h^-poglo«sal,  tho  nixtlt,  and  p^Thajw  tlie  fourtii  and 
tliird  iwrveH  rts  woll ;  and  Hw  lat^'iid  series  including  \hv 
amerior  root«  uf  the  spinal  acceis.-'ory,  and  the  motor  roots  of  the 
pncuDiojiraf-tric,  gloasophar^'iigcal,  facial,  mid  trigetuinal  n«rTc«. 

The  hjrpogUnal,  or  twelfth  enual  nerre  (Fig.  227.  xii). 
arincti  hy  :i  long  m  riivs  n(  ii>ota,  each  funut-^l  Itj'  a  buudlu  of  axis 
cylinders  which  ariee  aai  outgrowtlH  from  a  grotip  of  neuroblasts 
in  the  vciitro-lat«'ral  wall  of  the  m^lolla  oblongata  (Kg.  228,  xn). 
Th>^  ivx>ts  romnM'iice  just  in  front  of  tJie  motor  root  of  th«  first 
epinal  nerve,  and  iu  lino  with  thie,  and  «fxt<nd  forwanU  to  the 
level  of  lh«  gla8an|ihaiyng«ol  nerve  and  the  poeti.^rior  boider  of 
the  aaditary  veejclo. 

Thv  uiode  of  origin,  and  the  position  and  relations  of  tlivei* 
rocitic,  xiTOngly  suggMt  a  comparison  with  thu  ventral  or  motor 
spinal  roots. 

Id  slieep  cnibrjos  Froriep  describes  a  doreal  ganglionic  root 
pf  the  h}-pogIoes»l  nerre,  iu  addition  to  the  vcntml  roo4«,  eo  the 
3mpi>n.-<on  with  a  xjiinnl  hittc  vr  ncrvi-s  «.'n.>ni»(jutle  lo^itiinate. 
Iu  fautnau  embryos  at  the  end  of  the  fourth  week,  and  beginning 
of  the  finh  week,  Uts  lins  described  a  Mnall  gauglioii,  which  be 
natnoa  FVorivp's  ganglion  (Ktg-  227,  lii).  Ijitig  iniino<liat'.'ly  in 
front  of  the  ftnA  cervical  ganglion,  N.i.  and  in  lino  with  thin. 
Frorii'p'?  ganglion  is  small  and  gives  off  nu  itervee  at  all,  aad  at 
a  sliglitly  later  stagt-  it  disappears  altogether ;  it  appears,  how- 
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ever,  to  correipond  to  the  ganglion  deecril)i^  hy  Fi 
sheep  embiyos  as  forniiDg  a  true  dorsal  root  lo  tht^  by 
nerre. 

It  ia  probable,  therefore,  that  tl>e  lijrpoglo^'tal  nom 
regarded  as  formed  In'  the  I'vntral  root8  of  one  or 
l>qui^'alf:nt  to  Gpinal  nuires ;  aod  iif  irhicfa  tlie  dorsal 


Fio.  258.— Tnuwv«rM  Mctloa  actOM  tli*  tuodoUa  oUoncua 
£ml)r^.  IcWorccl  bj  l'rofc»or  III*.  Ko.  and  eMlaMed  M 
old.    Tbe  onifaiyo  i«  (hi-  «iiid  onauthnt  nprwuMd 
tbtt  Motion  jaasK  thranfth  on*  of  the  loou  of  ua  hypofci 
thnugb  boLb  the  motor  and  a^amary  root*  of  tlM  ptioniBi 
(From  nU,)      »  *0. 


y  M,  tsDtor  rai  of  luiFiiauiiaKiiD  Mm. 
XII,  n«e  at  bjingluml  uvrv. 
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roots,   ;ire  reprt^aented    in    man  by  tbe  mdimentary 
gJingUoii  uloti^. 

Tlie  Bpiual  accessory,  or  eleventh  cranial  ncrre  (1*'ig.  22 
ariflei<  by  a  n«niI»LT  of  nxit*,  furined  by  outgrofrtlw  from 
of  Hi-ui-oblasts  in  tbe  aid*;  uf  Uio  medulla  oblongata ;  tiM 
lying  At  a  level  dorsal  to  that  of  tbe  hypogtoaaal  root»,  aod 
junctioD  of  the  voiitro-tatoral  and  dor«^latani)  regions 
medulla  (rf.  Fig.  228). 

The  roots  of  tbe  spinal  accessory  nerve  are  very  nmn 
At  the  beginniagof  tbp  fifth  week  (yig.  227)  the  tnosft  poi 
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root  Vka  in  doM  nlalioa  with  Frori<'p'a  gangltoa,  m,  and  a  very 
little  distance  in  front  of  the  Brst  cervical  oerre;  wbila  tbe 
most  anteriiir  root  lies  just  bebind  the  [OununogBatric  nerve. 
Tbfi  ccrvicn)  i-oota  of  tbo  Bpitul  aocenoiy  uenro  do  not  appear 
until  a  latvr  flta^,  a  probable  indirat  iou  that  tiie  s{>iiinl  accewory 
is  to  be  regai'ilt-d  ua  a  criniiil  mtlirr  ihaii  ns.  n  >i|iiiial  nervp, 

The  motor  roots  of  the  paeainc^utrio,  or  tenth  cranul  amrt 
(rig».  227  and  228,  xm).  Tbne  lit'  immmlialely  in  Arat  of  the 
aDterior  roots  of  the  ttpioat  accessory  nerve,  and  io  tine  with 
Ibem.  Tbe>'  arise  from  gixinps  of  neuroblasts  in  tht*  walls  of  the 
mc-dulla  oblongata  (Hg.  228),  in  a  manner  precisL>]y  utoilar  to 
Ibni.  ill  whiclt  the  wntral  "piniii  roots  are  rornu'd.  Tlie  dotvc 
tibros  coiiv-erg«  to  form  Bjunll  buiitIlo>i  wbicb  leave  tbo  niedalla 
immediat^l)-  ventral  to  llie  mudi  larg«r  and  more  coDspicuoos 
tw-nsoty  root  (^'ig.  226,  x.»),  bv  irhich  they  are  oovcred  and 
more  or  Ipsa  wmiplel-ely  coiici'aled. 

Tl  IV  motor  roots  of  the  glossopharyngeal .  or  ninth  ora&tol  nerre, 
are  exactly  similar  U'  tbosi'  of  tht'  pnoiinio^astric  ;  they  lie  im. 
mediately  in  front  of  those,  and  in  lino  with  them,  and  in  trans- 
verae  wctioiw  present  an  appearance  jimctically  identical  witb 
that  shunii  for  the  piii.*iimojpi^tric  nerve  in  Fig.  228,  x.m. 

'fbc  taeial,  or  Mreath  eraoial  aerre  (t'ig.  227,  ni),  arises 
Iroin  a  groap  of  nein-oblnsrs  in  tbe  Bide  wall  of  tbe  ncdnlla 
oblongata,  opposite  tbe  aiulitory  roeicle.  The  bundle  of  axu 
cylinders,  formed  as  ontgrowtha  of  the  tieurobiaata,  doee  iioi  at 
ODcn  pass  out  from  the  tncdulla,  but  rung  fomaidB  a  short 
dist.-mcR  in  ltd  «ilwtance,  and  fmergwi  immcdintely  below  the 
auditory  nen'e  and  in  fery  close  relation  with  this.  Tbv  root  of 
the  facial  nerve  lies  in  line  with  the  motor  roots  of  the  gloMO- 
pharjtigeal  and  pncumogostrie  nert'es,  i.e.  it  belongs  to  the 
lateral  series  of  motor  roots. 

Tbe  chonbt  lympani  is  prewnt  oaHy  in  the  fifth  week  ns  an 
anterior  branch  of  the  facial  nerre,  which  mng  in  tbe  tympnnio 
ineoibrane,  but  doev  not  yet  ivach  tho  trigi'iniual  norve. 

ItiiO  sixth  cranial  nerve  belongs  to  the  Tent.nd  m-riiv  of  motor 
Rwts.  It  ariaes  from  several  groups  of  iieu  rublaxtK  wbicb  lie  in 
tbn  viTiitro-biteral  area  of  tbe  tnedulbi  oblongata,  in  line  with 
tlio  liypogloasal  roots,  and  vertically  bidow  the  root  of  the 
auditory  iM*rve,  i.<t.  a  short,  distance  anteri'^r  to  the  root  of  tbo 
fnoial  nerve.     The  sixth  nerve,  aft«r  emerinng  fmm  tbo  braiu, 
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runs  sliDOsi  dirvcUy  roiw&i-dfl,  lyiupt  to  Uit-  inner  smIo  nf  Ik 
Onaseriaa  gauglioii,  and  i\-jicii<>8  tJie  exlenml  recirn*  mndb 
eurly  ill  llie  fifth  week.  Thu  nocro  is  drawa,  thoag^h  not  naiued, 
in  Fig.  227,  (i»  ii  tliinlKuid  t-mergirig  (Wim  thv  %-<?ntraI  -tuiHtm  ei 
tlip  bmiu  inime<iiat4?ly  Wlow  the  gaugtion  of  t>n:'  fwci&l  and 
suditoiy  nerve?,  nod  niniuiig  horizontally  forvrarib  towanis  tbr 
liiiider  borJiT  oftln^'  i-yc. 

llic  motor  root  of  Uie  trig^eminftl,  or  fifth  eramal  nerre,  Una  at 
a  Inirel  slightly  ventral  to  the  motor  roots  of  the  ratlin],  giloenv 
pharyngeul.  and  jineuiiiogiist  ric  nerves,  but  ck-nrly  belongs  to  the 
)nt«ral  rntlier  than  io  the  ventral  eesiea  of  ntot^.  It  lies  to  tW 
inner  side  of  ttio  Gii»«en&ti  ganglion,  and  in  clotm  relation  witit 
this,  mill  i^  in  il»ettrly  &tagGe,Klijrhtly  tuitfritir  to  ihtu  in  pLisitiiiD. 

Thf  fourth  orani*!  nerve  (Ftjj.  227,  iv),  tliough  k-aving  the 
brain  on  the  mid-dorsal  snrfoee,  is  stated  by  Uis  to  ariw  rrooi  • 
group  of  nenrcibla-xta  on  the  ventral  surfari'  of  the  isthmns,  ir 
constricted  neck  brtw^-^^n  thv  bind-  uiiJ  mid-biTiins.  TLeae  mati 
lie  close  to  the  lotd-rentTal  plane,  and  clearly  belong  to  th* 
vvutml  Kcrieji.  I-Vuni  tliis  origin  the  fibres  of  the  funrtJi  nerre 
ruu  lip,  in  the  sides  of  the  lirftin,  io  its  dorsal  ijurface.  cross  thuae 
of  thi'  oppodtw  Hide  in  the  niid-tlureid  plane,  and  finally  i^nvige 
from  tlie  bniiii  lis  the  deBnite  nerves. 

Though  very  slL-uder.  the  fourth  nerves  are  of  coDiddenbiB 
length  by  the  early  ]mrt  of  tlie  fifth  week  (Fig,  227),  alrewiy 
reuohing  to  the  lerel  of  the  *y«. 

Tile  fourth  nerve  ha.<<  long  been  u  ttoanw  ot  trotiUe  to 
inorphologist«.  I'rofessoi'  His'  obsL-rvutious  on  ita  dt;veIopnu-i)l 
in  huinnn  cmbrj-tiK  will,  if  confirmi^d  and  extended  bo  other 
Vert-ebrates,  throw  a  verj-  welcome  light  on  the  problem,  Bhow- 
ing  that,  ill  spite  of  the  i»eailiur  poailion  ut  vrhicb  it  Irnves  tJi«- 
brain,  the  fourth  nerve  really  belongs  to  the  cat^onr  of  reailnd 
or  motor  tch>u. 

llie  tfaird  cranial  nerve  (Fig.  227,  iii)  arises  fix)m  a  group 
of  iietiroblusl-B  in  the  flot^r  of  thu  mid-brain,  nillier  further  a|>ort 
than  the  other  ve'iitral  rool^,  but  lielonging  to  tlie  Mtiiia  seriw. 


Group  B,     The  nerves  included  in  thi?  series  arieo  rmtn 
groups  of  iKMiroblast)^.  not  in  the  bmin,  but  in  tbi?  ganglia,  u 
they  are  deveiojjed  iu  tJie  sniue  manner  as  the  dorsal  or 
ixMts  of  the  spiiud  nerves. 
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To  till*  J^roup  bblonjj  the  sensory  roots  of  tlic  pn«umogiiKtHc 
and  glossopliarvngmil  iicm^ps  ;  the  aaditorj*  tierv'c  :  tho  eensoiy 
root,  of  the  trig^i-minal  uorve  ;  and  proboljly  tin*  olfactory  nerve 
ILS  well. 

In  tho  b«ad  th«ro  Are  four  prinaiy  gnnglion  maeaei^,  tho»e 
of  the  fifth,  oiglith,  ninth,  and  teiitJi  rrania)  iieiTes.  Wliether 
these  are  cini]ieL'te<I  in  fW  w»rl_v  stagi-s.  to  fcrra  a  coiitinuwos 
neural  ridge  along  each  aide,  has  not  yi't  Wen  ascertained  : 
neither  hns  l-he  precise  modo  iti  which  tUa  pertnanHiit.  t'onnection 
of  tlifSi'  gniiglia  with  tlir  brain  is  acqtiin^cl  been  dprprmined. 

Th''  four  g:ui(^lt<^>t)iv  iiiiij'Mi'i*  nre  ok-arly  viaibtLi  at  the  vad  of 
tJie  third  week.  During  the  fonrth  week  they  become  gradually 
divided  up.  each  giving  rise  to  two  or  more  ganglia,  which,  Ijy 
furtlK-r  iilongatioti  of  the  connecting  nerve  strands,  move  apart' 
to  a  greater  or  less  distance  from  one  aiiot)ti;r. 

'I'lif  seniory  root  of  the  pneumogwtric,  or  tentli  cranial  nerve. 
ie  from  the  lirst  in  ctost-  rc'lalioii  wilii  ttt-  nioloi'  root,  Ijciiig  at- 
tjichvd  to  thL-  brain  immuidiatcly  ilor^al  to  tbix  latter  (Figs.  227 
and  22.^,  x.«).  The  ganglion  is  at  first  Ringh-,  but  by  the  (-nd  of 
the  Ibnith  week  it  ljfL'Oini*s  dlvidt-d  uito  a  proximal  and  smaller 
part,  the  ganglion  of  tie  root ;  and  a  diatal,  larger,  and  fiisifomi 
part,  the  ganglion  nf  the  trunk  (Kig.  227).  In  the  Iat«r  atogeti 
thfsc  two  giiD^lin  movi-  soini-  distunci-  ajMirt,  owing  to  letigtJiemng 
of  the  nerve  trunk  between  tliein.  ITie  ganglion  of  the  root  is 
connKited  with  the  distal,  or  pi-tron^,  gunglioti  of  tlie  gloseo- 
pliaryngent  nerve  by  an  oblique  coniinieeiiml  band,  well  seen  in 
Fig,  227  ;  whether  tJiis  ia  a  peraislout  remnant  of  an  originally 
continuous  neural  ridge  has  not  been  determined. 

the  end  of  lh«  fourth  weuk.  the  superior  and  inferior 
il  nerves  are  present,  and  al«o  a  InrgL-  branch  extending 
down  tJao  o'.scipluigu.'t  ti'Wi»r<l."t  thi-  sinniacli. 

Tl)^  aeuoiy  root  of  the  glossopharTngeal.  or  ninth  eranial 
nerve,  ia  very  Kimilar  to  that  of  thf  pneuniogaslrir,  hut  of  smaller 
sixo.  Tho  gaugiioa  early  dividra  into  a  proximiil  'jugular ' 
portion,  and  a  difltwl  '  [wtroiitt '  portiou  (Fig.  227).  The  nerve 
itself  is  straight  in  the  early  KtiigeH,  hut  beLutnes  curved  fomrards 
at  its  ventral  end  (Fig.  227)  as  the  tirst  branchial  aiTh,  with 
which  it  in  specially  asKociatu^l,  i»  carried  forwurdH  along  the 
inner  side  of  the  hyoidnrch  (<■/.  Fig.  2'W). 

The  auditory  nerve.     In  tlie  case  of  the  auditory-  ganglion  of 
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tli«  liuDian  embryo,  ncrvi?  Hbre«  lutvo  licen  trticeJ  growing  our 
from  tlifi  nerve  cells  of  the  gitngtion  into  tlie  bmin,  tfio  attach- 
tnent  takitig  i>Iaco  immediately  cloraal  to  llw  point  of  emergetim 
of  tilt-  fnci"!  iiervo.  Beyoml  its  ivot  of  atfachmeat,  the  gaog> 
lion  of  tlie  auditoiy  nerve  divides  into  two  main  portions,  the 
cochle&r  nod  veHtibulfir  ganglia  :  t^esi>  divei-ge  from  focb  other, 
and  betwcL-ii  thuui  Ihi'  root  ot'  the  fticial  m-vvf  is  wedgfd.  Tho 
ouditory  gatit'Hn  very  rurly  Hcquin;  ooancction  with  tlw  wbU 
of  the  miditory  veeiclp,  and  the  several  gnnglia  of  th<*  aduU 
ear  are  formod  by  further  divbiun  of  th<'  two  gaaj^lia  of  the 
embryo, 

It  is  etjit-pd  that  thi?  ^i^niciihite  gauglion  of  tho  fiMsinl  nerve 
is  derived  t'rnm  tho  itanie  givii^lioiiic  mM»  tit)!!!  which  the  aaditory 
gangliuQ  i*i  I'urmed. 

The  seusoiy  root  of  the  trigeminal,  or  fifth  cranial  nerre. 
The  ganglion  ol  the  tngn'inma.!  iiervo  i§,  fiom  tlio  lilxt.  t-f  ^eat 
size  (Fig.  227).  Tht*  three  principnl  bnmcht'*  of  the  nerve — 
ophthaltnic,  maxilltiry,  iiuil  nmndibutarCKig,  227,  v,  a  b  r) — are 
fdready  present,  and  of  large  si/e,  beibre  the  end  of  the  fourth 
week;  as  those  norves  Ipugthen,  the  originally  sitiglo  ganglion 
gradQ&lty  breaks  Qp,  mnnti  piirtioDs  becoming  detached,  and 
moving  out  ali>iig  (lio  growing  iiorvo  st^-inx.  In  this  way,  Mrly 
in  the  fifth  week,  the  ciliary,  s|>heiitiptiJatine,  and  otic-  ganglia 
are  eiitabliHlied  ;  the  siibwiixilhry  gangliou  is  not  Kpamted 
until  u  mtliLT  UWr  nUigo.  The  main  ganglion  persist*  as  the 
Gaaserian  gangUoii  of  tlin  udult,  nnc\  the  mot<^ir  root  of  the 
tiigemiual  twirve  lies  iiloug  its  inner  aide,  and  fn  cIom>  conUu-t 
with  it  (Tig.  227,  v). 

The  optic  nerve.  The  optic  vesicle  and  optic  elnlk  on-  porta 
<^  the  brain,  and  ■cannot  lie  eompari'd  with  neires,  either  iwn- 
sory  or  nuitor,  ThLirt*  is,  however,  strong  rL-aaon  to  think  titat 
the  [ictuul  optic  uervc  librea  do  uut  uriee  iu  the  optic  9tnlk,  but 
are  formed  iiulojxmdeiitly,  n»  oiitgrowtlitt  from  the  retinal  cells 
which  gniw  inwards  to  the  brniii,  following  the  hue  of  the  iiptie 
stuik,  but  bi-iiig  fuudatUL-iiliilly  independent  of  this.  K\'eti  thou, 
however,  inasmuch  as  the  retina  is  developiiicntiilly  imrt  of  the 
brain,  th(*  optir  rervo  woold  rfttlu>r  resemble  tho  intra-wnsbnil 
fibre^s  of  the  brain  than  the  ordinar)'  sensory  nerves ;  and  for 
tiiv  present  the  relations  of  the  optic  Der\'e«t  to  the  other  nerveii 
:  must  bo  left  undecided. 
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The  olfactory  nenrn,  Acconling  (o  the  oWrvaiiuns  ul' 
Pi-oftwior  Hi^,  the  luiJtlt.'  of  ik'VelopniPnt  ofthf^oltactopy  iierv^  in 
tlie  humau  t.'uibr>'o  is  as  Ibllowg.  Tbe  ulfactury  lolie  is  formed 
as  ail  outgrowtb  of  the  cerebral  hemUptien>  townitls  tlie  end  of 
tlir  fourth  week,  and  very  ciirly  ItcconitM  (]i\-i(le<]  1>^-  a.  Ir«ii8vrn*9 
cous-trictioD  into  anterior  or  distal,  and  ixisierior  or  proximal 
portions, 

At  Uiis  stage,  in  eiul)rj-oa  of  from  tweiity-Mvon  to  twenty- 
eight  days,  oltlioagli  the  oltactory  pit  is  well  devnlopfld  (Figs. 
2U1  and  227j,  Ibi-ri'  is,  according  tu  Hie,  no  trace  of  L^ither  th« 
olfactory  }{nugliou  or  olfactory  ot-rvo.  A  day  or  two  later,  th« 
olfactory  optthelinic  beffins  to  nncterj^o  cliangca  similar  to  tbosA 
which  occur  in  tin-  vtbU  of  the  brain,  or  HpJniil  cord,  preparatory 
to  tUt^  uppcut'unce  uf  uoivus.  Neuivblasta  aj-o  formed  ucar  it« 
inner  or  deeper  surface  :  these  soon  become  pyrifonn.  and  give  oft' 
processes  which  grow  into  the  mesoljl«.'*t,  mid  towArdg  the  brain. 
There  is  thus,  curly  in  thir  fifth  week,  a  mnsp  of  npuml>laatft 
forming  a  ^mglion  in  diwvjt  ti)nmTlioii  wjtli  the  olfiictory  opi- 
tht'liurn  :  from  thf  g!ui},'Iion.  nerve  fibres  gmw  out  towurdo  the 
brain,  but,  do  not  yet  reach  this.  liy  the  end  of  the  firth  week 
thii  iiisnc  fibres  reach  the  olfactory  lobo,  mfrting  it  at  the 
constriction  Sfptiiating  the  proximal  and  diiitAl  porriona,  an<I 
thus  pidciuy  tliu  olfactory  cpitlieliuin  in  comiectiou  with  the 
biiihi. 

During  lliv  second  mouth  t.hv  diijtul  portion,  or  bulb  of  thu 
olfactory  lube,  which  at  firet  lies  entii-ely  in  fmnt  of  the  nerve, 
boconira  bent  down  so  us  to  lit)  in  contact  wiMi  this :  and  by 
tho  end  of  the  second  month  the  olfactory  nen'e  anses  by  a 
nnmber  of  fibres  frftni  ihi^  olfactorj-  bulb,  instead  of  by  a 
singlet  stem  fmm  the  wlfncloiy  lobu  buliind.  thv  bulb,  aa  in  the 
««rlier  stages. 

The  ruot»  of  tin*  adidt  ollactory  nerve  arc  forim-J  by  hmidlcs 
oT  ascending  01"  ci'ntripetol  nerve  fibres,  which  grow  from  the 
j^auglion  into  the  biuin  ;  they  arc  already  present  iit,  or  isbortly 
after,  the  end  of  the  second  uionih. 

At  lii%t  sigbi  thiii  account  fippoAre  to  dtfier  widely  from  tbe 
dnoriptioD.s  given  above  of  the  dcrelopmi^nt ol'  the  other  sensory 
nerve*  J  hut  the  diflcrcuoes  nre  not  rwdly  #o  gn;nt  »s  rhty  w.-om. 
la  the  ease  of  all  sensoiy  nerves  the  connection  witli  ll»e  brain, 
or  spinal  cord,  is  acquired  by  gi'owtb  uf  nerve  pioce^^et  centri- 
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petAtly,  t'ruui  tiif  gnnglin  inti>  Ihi*  bniit  or  cord :  tbc  gnnglu 
themselvc-e,  thougb  duvflopiM]  in  c1a<o  relation  witli  ilie  Wain  ntnl 
cord,  ftrt'  not  renlly  parts  of  tli6*e,  hot  are  indopwident  a^mctlirft^, 
Tlie  fornwtioti  of  iieuroblnsla  iit  thi'  nlfactorv  epitlu-Uum  preseota 
uu  dillicTiItj,  when  it  is  reuifmbered  that  the  wall  of  thi-  lirun 
or  gpiiial  cord  in  itM^lf  merely  a  ifpecinlucd  portion  of  the  sur&v 
epii-heliiim;  while,  fituklly,  it  fans  bt^n  shoirn  in  earlier  parts 
of  this  liojik  that  in  ntJu-r  Vertpbrates,  suc-li  ns  the  fmp  and 
chick-  for  exainpli*,  tlie  surfiwN*  epilheliuin  roav.  in  iho  hinder 
cranial  nerves,  take  n  dirw-t  share  in  the  formation  of  tlie 
nmre  fi^tif^lia. 

It  is  probable  imlocd  that  thu  mode  of  dc^■l'!opnuJnt  of  Uk 
clf«<'tory  nerve  dew-ribeil  itbiivr,  a«  oh(H^r\'ed  in  human  «mbrjro^ 
i-epi-eteuls  a  inoi'o  priniilivo  typu  of  nerve  devi»lop«ient,  fmin 
wliich  lh»t  of  tlie  other  seusoi-y  neiTes  h&e  been  derived. 

4.  The  Sympathetic  Nerrous  8yst«tn. 

The  mode  of  developineut  of  tbo  syroptitfaetic  nerrous  systetn 
has  not  been  accurat«>ly  detcnninpd  m  human  eraljr\-o».  Froin 
th«  c!ow>  rc^embUnce  iti  the  mode  df  dcvi-lopiiienl.  itfothor  parts 
of  the  nervous  system,  it  is  probable  that  it  takeii  piac«  in  nssen- 
tially  the  snme  manner  as  described  above  iu  tbe  am^  of  the 
chiuk  und  rubbit. 
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1.  The  Note. 

All  the  easential  points  iu  the  developrndnt  oF  the  olfactury 
organ  have  been  already  deecriboU.  ITie  fonuation  of  the 
olfactory  pit,  the  organ  of  Jacobsou,  tha  external  nostrils,  the 
bridge  and  nliu  of  thtt  iio^i:,  luitl  tlie  posterior  narial  passages, 
ur«^  dealt  with  on  pp.  i9i  to  498  ;  and  the  development  of  the 
olfactory  lobe  und  olfnctory  nerve  on  pji.  517  and  o37. 

Durinj;;  tliu  third  month  tbo  olfactory  |>iti°,  which  arc  at  first 
siniple,  become  greatly  coniplicattHl  by  folding  of  their  walls; 
and  in  thi^  way  the  nasal  labytintli,  Hu])ported  by  tbe  turbinni 
ECroUs,  is  established.  The  acce,<-'or>'  cavities  commnnicatiu^ 
vrith  tho  noiu?<,  i.e.  the  antrum,  and  the  frontal,  splumoidal,  and 
ethmoidal  sionsee,  arc  not  established  nntil  a  lnt«>r  stage. 
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2.  The£;e. 

The  mod©  of  developtnent  of  tlie  humim  eye  ie  so  closfily 
simiinr  to  that  of  tlie  rabbit  thut  it  will  be  ueedleM  to  descrtbi* 
it  iu  tietuil. 

TIio  optic  vesicles  nprwnr  a*  Intcrnl  ontgrowths  nf  tlie  ffvrc- 
bmin  as  early  as  the  ■fifleeiith  day  (FifT-  2!i2.  BO),  Tlev  Sfwn 
Iwcum.'  fiin!it.rictfd  at  their  bases,  and  then  doubled  up  to  form 
tlie  optio  cnpa,  in  tJu-  sikmi^  mminrr  na  in  other  Vertcbnit4W. 
Owiug  to  the  nifflle  in  wliich  this  doubling  nj)  is  effectwi],  il 
clioroidikl  Sbsure  irt  Ivft,  leuJiii^  into  t\w  cuvity  of  the  cupj  aud^ 
n^  ill  f  hu  r»bbit.,  the  choroidal  fitianiv  extends  a,  little  way  along' 
the  optic  stnllc,  tfiwnrcls  tho  brain.  Throiigliout  nil  the  eiu-lier 
stages  of  devulupmcnt  (Fig.  2Gi),  tho  eye  is  very  araull,  aa  in 
Mummfile  generally,  standing  in  this  i-eppect  In  marked  contract 
to  the  eye  of  the  chick  embryo  at  a  coiroeponding^  »tjigo  of 
development  (cf.  Fig.  1 1 6). 

The  inner  wmII  of  t)ie  o]»ti(!  cup  (e/.  Tig-  155)  is  from  tlie 
firet  the  thicker  of  the  two  j  and  by  the  end  of  tho  fourth  week 
is  at  lea»t  four  times  as  thick  n«  the  outer  wnll. 

Thu  leoi  develops  late.  In  embryos  tlirL's:  iveeks  old  it  tis 
htill  no  ijpen  pit:  at  four  we+'k**  (he  mouth  of  the  pit  has  closed 
(Fig,  201),  and  from  this  time  the  farity  of  the  h-ns  vesicle 
becouies  rapidly  filled  up  tjy  eltnigation  of  tbe  cella  forming  its 
inner  or  deeper  wall.  Dimiig  tlie  whole  period  of  its  develop- 
ment, tho  lens  is  enveloped  in  n  vasculnr  cnpsul©  which  gerve* 
for  its  nourishment.  New-  cells  are  constantly  added  on  round 
(he  e<iuator  of  rhe  leus*  und  growth  coatlnuea  until  the  time  of 
birtli.  wheii  the  vascular  capule  atrophies  and  disappears. 

The  vitreous  body  h  formed  of  niesobliist,  which  makes  its. 
iray  into  the  cavity  of  tbu  optic  cup  through  the  churoldul 
Git.iure :  it  i»  very  \iiacular  during  the  earlier  stages  of  its 
formation. 

The  cornea  is  formed  from  a  layer  of  uieaoblftst.  which  groft's 
acrys-'<  thi-  front  of  the  eye,  botwccn  tliu  o«t«r  conjunctival 
epitlieliuin  and  the  lens,  towards  ilie  end  of  the  second  month. 
Iu  the  deeper  part  of  thin  layer  a  cavity  appears,  wliich  booonies 
the  untvrior  chamber  of  the  eye.  The  thick  layer  of  mcttoUost 
in  frunt  of  this  ch»ml>er  becomes  the  cornea,  vrUile  the  muah 
thinner  layer  between  the  chamber  tmd  the  lens   fonns  tbo 
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aulerior  wall  of  Uie  lens  cii|)eul<:.  Tbo  coraea  beoomos  tniD«- 
parent  daring  the  iburtli  month^  at  wliidi  time  it  is  Ktronglv 
convey,  more  m  thnn  in  thr  ndalt.  The  cornea  is  tppt  (hick 
from  lliu  first,  and  much  thicker  than  the  sclemric  ;  and  at  iLe 
tiine  of  hirlli  it  is  said  to  lie  absolutely  thiolcer  than  in  tlie 
ftduH. 

Tiie  olioroid  i»  a  verj-  vascular  layer,  in  n-hich  irigmiait 
bugloj)  to  np|]cur  towaide  the  cud  of  tbv  wcoad  montli.  The 
occasional  occurrMice  iu  tlit'  aduli  Kaniaii  vye  of  a  non-pig- 
niented  i^trenk  along  tlie  under  surface  of  the  eyeball,  or  even 
uf  coiDptctu  fi^xurc  of  the  iris,  or  colobvmn  iridie,  is  comniniilv 
attributed  tti  iuconiplete  closure  of  the  choroidal  RsMiro.  Inas- 
much, howi>VL>r,  ns  tho  choroidal  tis^are  concoms  priinnrily  thb 
optic  cnp  alone,  and  not  the  choroid  coat>  it  is  probable  that 
colobonut  iridU  Hhoulcl  not  Im^  rcgnnlfd  as  n  siiiiplv  case  of 
arrested  development,  Lul  as  involving  $onie  further  pailiological 
prooees  as  w«ll.  Tb©  choroidal  liasuro  iioriiuilly  closwi  about  tba 
ecvcnth  week. 

Tin-  retina  is  t'onoed,  ii*  in  other  VcrUjbnitvs,  from  the  inner 
and  thicker  layer  of  the  oi)lic  cup.  Ader  its  first  eiitnblisbmoot, 
it  (ffuvre  fur  a  time  more  rapidly  thau  the  outer  coat*  of  the  eye- 
ball, and  coiiaec^tiently  becomes  thi-owa  into  folds  which  during 
the  second  month  pi-ojecfc  frpely  into  I  he  cavity  of  the  we.  In 
th«  later  stages  it  becomes  flattened  out  ngain.  The  rods  and 
conee  art-  formed  as  oiiigrowtbs  from  tlie  outer  eurface  of  thr 
thickened  iiiin-r  Inyci*  i>f  lliti  optica  cup:  tht^y  do  not  appear 
until  very  late;  Bhorlly  before  the  lime  of  birth. 

1'he  mode  of  origin  of  the  fibres  of  the  optic  aerve  of  the 

human  eyeliaa  not  been  determined  with  exactneae.  It  opjii-nre 
certain,  however,  that  the  nerve  Hbr»^9  are  not  formed  out  of 
the  wtlll;(  of  iJio  optio  etalk,  mid  it  is  probable  that  they  arise 
as  outgrowths  fVoni  ueuroblusls  in  the  i-etiuu  itficlf,  which  grow 
inwards  towFirds  the  brain  along  the  path  aHbrded  by  the  optic 
stalk  ;  aiid  on  renchlng  tlie  bane  of  tin;  tlinlamencephnlon  pa^ 
across  to  tbo  opposite  sidy  of  the  braiu,  thus  foniiiuj;  the  uptic 
obiaama,  and  eontinne  their  course  up  th«  sidea  of  the  liratn  as 
the  optic  tracts,  until  they  finally  n>aeb  the  corpora  rinodri- 
gcminn. 

Till*  eyelids  »]ipcnr,  towards  the  clow  of  the  xcvond  month, 
as  folds  of  skin  above  and  below  the  eyeball  (Fig.  218);  they 
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to  thill  i^roup  twlonfr  the  MBsoty  roots  of  tb«  paenmogafttnc 
luid  glo*i!iopliarrngi>iil  iiptvch  ;  the  nndifcanr  nprve;  the  sraflOiy 
root  of  the  ti-igt-iiiitia]  uerve  ;  ikitd  probably  Uiu  vlfiwtory  nerve 

Ill  the  h«a<)  th^re  Hre  four  primaty  ganglion  inasseH.  thoie 
of  tho  fif^b,  eighth,  nintb,  and  tpiitJi  cmaial  nerree.  Whether 
the-ie  are  comieut^il  in  ihe  early  sXa^'n,  to  form  a  continuoas 
il  vidfge  alotig  each  side,  has  not  yitt  t>t«ii  sncertained ; 
TiPtther  has  the  precise  niod^  in  whicli  tli«  permanent  couni^rtioti 
<irtlic»>  gnn^'lin  wiih  thv  lurnin  is  ncquircd  \>va  dcl«>rni!iicd. 

'ni<>  fonr  gnn^lioiiii^  mainkoH  nre  clonrly  \ns)iblo  At  the  cad  of 
thf"  third  wwk.  During  thtr  Ibarth  wt-t-k  they  became  gradually 
divided  up,  each  piving  rise  to  two  or  more  ganglia,  which,  by 
further  oloDgatlon  uf  tbc  ooiini-cting  norvo  stnuidn,  mure  apart 
to  a  giviitt'r  or  Iws  disfancp  Irotn  nne  anntlu-r. 

The  Hotorj  root  of  the  paeuaogutric,  or  tenth  cranial  oerr*. 
i»  from  the  6r§t  in  close  n^latton  with  tho  motor  root.  Iwini;  al- 
tached  to  the  brain  iniiru'diatoly  dorsal  to  this  latter  (Fij^.  227 
nad  'J2B,  X.i).  The  gimglion  is  at  tintt  siiigh-,  but  by  the  uiid  of 
the  fourth  wet-k  it  liecoiiictt  divided  into  a  proximal  and  smaller 
part,  th^  ganglion  of  th<?  root:  and  a  distal. larger,  and  fusiform 
port,  tbe  ganglinii  of  the  trunk  (Fig.  227).  lu  ttio  later  stogcii 
t  he»e  two  gauglia  move  some  diMAiice  ainrt,  oiriog  1o  letigtheniog 
of  the  nerve  Iniiik  betwct-n  tliem.  The  jranglioa  of  tho  root  is 
connected  wiib  the  diittaL  or  |>etroti«.  gnDglion  of  the  glcaao- 
pliaryngeal  nerve  by  au  oblique  commissural  band,  well  aeeii  in 
Fig.  227  :  whellier  thitt  is  ■  [KTitisletit  remnant  of  aii  originally 
coiititiuouB  neural  ridge  has  tiut  beeu  detenniiied. 

liy  the  end  of  tlio  fourth  ivcek,  the  eapcrior  and  inferior 
tnn,'iigi-al  nrrve!*  an-  present,  and  alto  n  lnrg«  braiKih  extending 
down  flm  (Ptiflphagus  townrda  th<?  stoniaeh. 

Tlie  Mnaory  root  of  the  glouophoryogeal.  or  ninth  oraoial 
Btrva,  is  very  similar  lo  that  of  the  pn-'umogastric,  but  of»t"nlier 
aire.  Tlie  gutiglion  early  divides  into  a  pniximal  'jugular' 
portion,  and  a  distal '  {wtrouH '  iwrtlou  (Fig.  227).  The  uerre 
itself  is  straii^ht  in  the  e«rly  i»tAgea,  but  liecoince  cnrved  forwanls 
at  its  veutnkl  end  (Fig.  227)  an  tho  tint  branchial  nrch,  with 
which  it  is  siiecially  uasocinled,  i.^  cniried  forwards  along  the 
inner  f=idf  "f  tin?  hyoidurch  (ff.  Vig.  2U'f, 

The  aaditory  ncrra.     1»  '  '■  of  tho  auditory  ganglion  of 
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DoriiiK  Uie  fifth  week  (FigH.  231,  2»o,  and  23fi),  tJi«  aao- 
pbagut)  k-ngtlicus  ver^'  greatly ;  the  stomach  id  conBeqaeaor 
jliiftji  bikckwanls,  and  at  the  samo  time  octjuiivM  Ha  charictciw- 
tic  sliapf  (Fig.  2:10,  Jl/;/),  and  bocumcs  placud  across  t-he  boljr 
inBtead  of  along  it.  Tbi;  vitelline  loop  of  the  iiiitfatiiw  (h'iy. 
S34)  pas-^'E-T'  out  »ome  dttitance  bej-und  the  body;  it  Ie<iigtii«H* 


i*ti^ 
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Ftc.  S38. 


Fl«.£M. 


PiB*  !!3S.-~ Outline  figure  of  tLe  alitnentarr  CAitu!  nf  a,   Hiimwa 

uUiiuit«t  iia  thlrt7-lwo  dafn  oM.  Tbe  llpiic  in  drawn  frcoi  the  mMl 
snrfMov.  iiiiil  iliv  u&riljr  cit  the  ulimenuri  caiml  ia  aloo«  rnjiii  uiltiil.  *■( 
tliv  tlikWiicH-  of  iU  WAllfL     (Kroiii  Hi*.)      »  IS. 

£^0.  £3(J.^0atliuo  Hgiuv  gf  the  aliinaatary  canal  ol  •  Hmuaii  Ba^ojBk 
(Btlniii.l«d  u  tfalit.y-fivc  6ay»  olil.  The  tigiirr  i»  drnnn  rrum  Uu  (vninl 
Kurliicn.  onil  ibo  cavity  of  Ih*  ulirnontar)-  rniiAl  in  akine  rvfiiuwntwl, «« 
tli«  thic^kuen  of  iU  mUs.    (Krum  Hitcj     x  10. 

CV.  unuui.    <^.  nOCDm.    ZM.  iluuJi-uiuu,     fik  yaUi^Ulk.    fill,  ifall  IfliUii      <lii 
bUoxloct.    Z^.  long,    J/ffM  ■unoviU,    /*,  ruicpa& 

conaideralily,  nnd  becomes  at  the  sa.mi>  time  twisted  on  itwff 
Before  tbi-  cud  of  Uio  wci*k,  tJit;  tubuluryulk-htnlk  (i'ig.2^,lf) 
separates  from  the  inteat'tne,  although  detached  portiotos  of  Ik* 
tube  may  pertiist  iitoDg  the  yolk-etulk  for  fiome  tiuf  locigff. 
The  cfficitiii,  (>,  arises  (luring  tbe  RMt  neck  n^  a  diveiticaboB 
from  the  dixtnl  limb  of  the  vitelline  loop,  not  far  tmm  Uiepuiif 
of  attachment  of  tlie  jrolk-etalk. 
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The  oUactory  nerre.  Awoixlijig  to  llie  obt*firvatiftnB  of 
lYofe-Jior  His,  diL-  luodu  of  dcvelopownl  ortJieolfactoij' iK-ire  in 
tbt-  liuiiiim  L-uilrryo  U  as  follows.  Tlic  nlfnctoiy  lobe  is  foiim:*! 
u  nil  out^iuwtb  of  tLe  cinvbi-ul  li«n)i8|i)ion'  towHnU  tho  t<ii<l  of 
tlw  fourth  week,  and  rery  rnrl  i,'  hcootura  divided  i>y  n  t  raim'erM 
constriction  into  anterior  or  diatAl,  nut]  {KWierior  or  |)i\>xiiiial 
portioua. 

At  this  stage,  in  embryoa  of  from  tweiity-^oi'cn  to  twenty- 
oiffbt  (lays,  iilthnngh  the  olfactory  pit  i»  well  dcvHopnl  {Fi)f!^. 
20  i  kikI  --7),  tlit-n.-  in,  itocordtiig  to  His,  uo  trace  of  »«itJier  tlw 
olfactory  ganglioD  or  olfactory  ncrv'o.  A  day  or  two  later,  the 
olbctory  epithelitim  U-^ns  to  undergo  diangM  sttntlar  to  these 
which  occur  iu  the  wall  uf  the  bruin,  or  epinol  cord,  pn'paralory 
to  tbo  appeanmce  of  nerres.  Xeurobtaita  are  formed  near  its 
inner  ord«fpcrsurtiicc  :  tliL>«.'»Kiii  U.tomepyrifonii.nndi^TeoS' 
prucvssos  which  )tr\iw  into  liie  I]lee(>Mu^l,  iind  tnwunls  tbc-  bruiii. 
'L'horv  U  ihns,  uirly  in  tl)i>  fiiUi  wen-k,  a  miw  of  noun>ltlnats 
forming  a  ganglion  in  din>ct  connection  with  the  olfnotnry  ppi- 
theliuin  :  from  llic  gun^rliori,  nen'e  fihrea  grow  out  toirnrds  the 
brain,  btit  do  not  yet  reach  this.  By  the  end  of  the  fifth  week 
the  nei-ve  fibres  reach  tbe  <>lfact4>r^*  loW,  inii>titig  iC  at  tlie 
constriction  ^-puratjiig  thu  prL>xima)  and  distal  portions,  and 
ibiis  placing  the  olfactory  epitbeliain  iu  conQoctkiu  wUb  tbs 
bniin. 

During  thu  second  month  the  distal  portion,  or  bulb  of  the 
oUactory  lobe,  which  at  firM  lies  entirely  in  front  of  the  nerre, 
Wcoim-s  bt*nt  down  so  as  to  lie  in  coutact  with  tills;  and  liy 
the  end  of  tiif  iieeand  month  the  olfacton*  n«n-o  arises  by  a 
number  of  tihn-s  from  ibn  olfnclon,'  bulb,  inalc-od  of  by  a 
singlf  !«t«m  fioui  th<*  olfnclon'  lobe  beliind  the  bulb,  as  in  the 
earlier  atagea. 

ITie  roots  of  the  adult  olfactory  netre  are  formed  bj'  bundles 
of  ascending  or  centripetal  m-rve  film*,  which  gr*'W  from  iIk- 
ganglion  into  tU«  braiu  ;  they  are  abready  present  nt,  or  shortly 
after,  the  end  of  tlie  eocoud  month. 

At  fimt  sight  this  account  .-ippeara  to  differ  Midcly  front  the 
deocriptiiinfl  given  above  of  the  dwi-lnptueni  t>f  the  nrlivr  M'OMtni' 
nerreii ;  but  the  diflcreoces  are  not  really  eo  gnut  as  they  w<em. 
In  the  case  of  all  sensory  nervea  the  coiin*^.ion  with  the  hmiii. 
orKpiiinl  fi)i-d,  Ib  ncqnirfd  by  growtli  »f  iktvi-  procrsM-a  i>Ttitn- 
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At  its  firHt  foniittlion  (Fig.  237)  Uie  phnryiix  is  of  approjd- 
iuat«lv  unirMnii  width  along  ittt  whole  teiigtli  ;  but  at  mn  Mrlj* 
etage  the  anterior  part  wjdenH  veiy  greatly  and  tlie  whoie 
ptmrviix  becomes  funnel-Bbapcd,  wiUi  the  upcx  direct*^  hack* 
warda  <Figs.  238  wd  239). 

Tlif*  condition  of  the  pharynx  oi»  the  flfteonth  day  is  shown 
in  hoi'uontal  section  in  Fig.  2!t7,  which  ahoold  Im  compaRd 

with  Figs.    li)7  and  23i, 
•  A' 


whicli  represent  the 
embryo  in  xur&ce  ri^w. 
uad  in  liagittal  section. 
The  viaceral  archm  ait 
eeen  to  form  promiu^nt 
ridgec  projecting  into  liw 
pWmix,  nnil  separated 
from  on«  another  br 
^x>ve3,  the  viioenl 
pouches.  Of  the  vi«c«nl 
iirclics,  the  maudibolar. 
MX,  and  hyoideau,  ny.  &n 
well  dcT(ilo|>cd ;  and  1*- 
hiail  these  tlir  first  and 
Bfcoud  branchial  aidie*, 
bh'  nml  ntCf  are  rect^rni^ 
able,  though  leaa  clearly 
defined. 

The  hyunmuilihular  and  Gret  branchial  pouchm  are  v»>!l 
formed ;  niid  corresponding  to  tbem  oa  the  out«r  Borf^ce  of  the 
pban'iLx  arc  wvll-murki^d  c.\toniiiI  risceral  proovei.  clearly  sera 
in  surfnce  views  of  thi>  embryo  (Fig.  K)7,  ii,M,  nc>).  Thi?  cocr?- 
sponding  visceral  pouches  and  grooves,  on  the  innor  and  otttcr 
surfiioes  of  the  pharynx  riL-spcotively,  do  not  quite  meet ,  bui  ut 
eeparatwl  by  thiu  menibranoas  pnrt.itiotiB,  of  which  the  mo* 
anterior  oiio,  RB,  between  the  in&iidibalar  nnd  hyoidoui  aichn^ 
becomes  ultiraat«ly  the  tympnuic  niembrniie. 

Further  back,  there  are  lees  stiungly  marked  second  btaa- 
chial, and  third  bmnchia]  poiiches  or  grooves  oD  ihf>  itmvr  sut&ob 
of  the  phurynx,  wilii  iilight  indications  of  con\-«poQding  riactnl 
grooves  on  the  outer  surface. 

Towards  tbo  end  of  the  third  week,  luid  in  the  early  part  of 


Fio.  S.tr  — The   rlonr  nf   it"-   "1i:-"-*ni  a!  a 
tiuiufin   lirulirro   rHlf  ■  'I'l.  seen 

*    from  nbovc,    ' {0'.  Via:.  iJ,"  ..uil  232.) 
_  ;  (Kroiii  Hid.)     xW. 

All  11m  Bortta  hrcti.  In  thi-  ulAfl■ll^u14r 

WDli.  BBl.  Dnt  MuiahU!  wvli-  BHl. 
fcciiml  brwiFbUI  BMh.  0.  I>™lj  nrlij-.  or 
ovipnin  ES,  mraahmitr  Hn*jnir  tli^  titumitM. 
tllLtilliu-  rlrfl.  wliifl]  bcvntiLfls  nftm*ur-<*  iiii 
lyiai'a.iiiv  uioiutM^iiv^  7L-  luitfulh,  STY. 
Ii)x1d  ■Fi'li.  MN.  mui^lbiilar  ucli.  TIT. 
liitwn-iiliitu  liiipnr. 
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2.  The  Eye. 


Thv  mode  of  ilovrloptuciit  of  (lie  liamnD  vyc  u  hi  clnevljr 
aiEDilar  to  tliat  of  the-  rnhbit  tbnt  it  will  Ix*  twH-dless  to  (l«-jtcribe 
it  in  detail. 

The  ap&c  Teiiclea  appear  as  lateral  out^trowtbs  of  the  ftire- 
brain  iis  oiirlv  iw  rhc  fiftwiil.h  (lav  (l-'ig.  232,  Bo).  Thvjr  swn 
become  edostncted  at  Ibeir  bascft,  and  t)i«>n  doubled  uji  to  form 
the  optic  onpi,  in  the  uune  tniiriULT  as  in  otlter  V'ertrbnit«8. 
Owing  to  the  mode  iu  wliicli  tbiti  donbliug  ap  is  rflVctwl,  a 
dioroidnl  fixaiire  in  Icffc,  lending  into  tlit?  cRTtty  of  thn  cup ;  and, 
A8  in  tilt*  rabbit,  the  L-horoidn)  fisKore  t'xtend^  a  little  way  along 
the  optic  Btalk,  towards  tlie  brain,  'nirougbout  all  the  oarliiT 
stAges  of  devolopment  (Kig.  201),  the  eje  is  vei^-  ^matl,  ax  in 
Maaimil-4  generally,  Rtandiiig  in  thia  re£>pect  in  marked  contrast 
to  tlie  eyt'  of  the  chick  cmbn'o  at  «  oorreepcmding  stagti  of 
dcrelopment  {rf.  Fig.  115). 

The  inner  wall  of  the  optic  cup  (ff.  Fij?.  l.>5)  is  frf>m  the 
find  thn  thicker  of  the  two  ;  and  by  the  end  of  lh*f  fourtli  week 
ia  at  least  four  times  tta  thick  as  the  outer  wall. 

The  Imu  develo[<s  late.  In  embryoe  ihreu  wevk*  old  it  ia 
still  an  u[>en  jiit :  nt  lour  weeks  the  niotilh  of  the  pit  luts  olosed 
(Pig.  20-k),  and  from  this  time  the  cavity  of  llie  lona  roucle 
beootne*  ntpidly  tilli-d  up  by  eloiignlion  of  (lii>  t:i<lU  forming  its 
inner  op  deeper  wall.  OiirUig  the  whole  peritvl  of  lis  develop- 
ment, tlie  lens  i»  euvelope<l  iii  a  fascnlar  cajteule  which  smea 
for  its  noarlfhmeut.  New  cells  are  conetantly  added  on  round 
the  equator  uf  the  lens,  and  growth  continues  until  the  time  of 
birth,  wlieu  the  vascalor  capaal«  alrophiea  and  diKappean. 

I'he  Titreons  body  is  formed  of  meaoblnat,  nhicli  niakea  its 
way  into  the  cavity  of  the  optic  cap  through  the  cltorotdal 
fiiwure:  it  is  very  vascular  daring  the  earlier  slices  of  ila 
fomintioii. 

The  oorsea  ia  formed  from  a  layer  of  meaoblast  which  grows 
BoruMf  the  front  of  the  eye,  between  the  out«r  oonjnnctivnl 
epithelium  and  the  lens,  townrd^  the  end  of  (he  second  moaCb. 
In  the  deeper  (lart.  of  rliis  layer  a  cavity  appears,  which  Lecoinea 
"■^  ■'irtapior  chamber  of  the  eye.  The  thick  Inycp  of  meaoblast 
a  of  lbi«  chamber  beootnea  tlie  cornea,  white  the  much 
layer  between  tho  chamber  and  I  be  Icaa  fonus  the 
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anferiur  wall  of  tho  lone  tap^ale.  Tlio  cornea  become  inu- 
parent  dnring  llie  fourth  niontb,  ot  which  time  it  »  sttonjHj 
convej,  more  w  thi»ii  in  ihe  aduli.  The  comen  is  vw-  ihd 
Trotii  flie  lii-st.,  Antl  niucli  thicker  than  the  sclerotic;  aiu)  at  iW 
time  uf  birth  it  ia  said  to  be  »b»Dliitjely  ihickur  tlun  in  tbt 
•dult 

The  choroid  in  ft  verj-  vnsctilar  layer,  in  whidi  jiigroTTi 
hegisB  tu  ii|>)i(?ar  Unvarilg  tlic  i*iid  of  the  second  month.  'IV 
occaeioJial  occurreiice  in  the  adnit  hnman  c^p  of  a  noo-pig- 
mciit«<1  »trmk  wioog  the  under  surface  of  tht>  eyeball,  or  rva 
of  coinpleto  fissure  of  tli©  iris,  or  colobomii  iridis,  is  oomnxHtlj 
atlTihuled  to  incomplete  cloaiiPe  of  the  choroidal  fissuiv.  km*- 
nmch,  hoivovcr,  n»  the  cliurtiitltil  lit»siire  concerns  priuitvrilr  li* 
optic  cup  aloiif,  nud  not  the  choroid  coat,  it  i^  probable  tlui 
coloboina  iridis  should  not  be  re^ixled  as  a  simple  cav  of 
arrestetl  dcvelopmeat,  but  as  involving  «omo  further  pathological 
proccssfw  we'll.  The  choroidul  liKStin:  uormnll^-  closes  about  the 
Bevpiith  week. 

The  retina  is  formed,  ns  in  other  Vertebrates,  from  tbc  iuiKT 
and  thicker  laver  of  I  he  optic  cup.  Afkor  ibs  fir«t  eatabfahnxat, 
it  (^ow^  for  »  time  more  rapidly  than  the  outer  coats  of  the  47^ 
ball,  and  oniisequently  becomcw  thrown  inlo  folds  which  dorine 
the  Bfcond  month  project  freelv  iuto  the  cavity  of  the  i.-ye.  In 
the  later  flngitt  it  becomes  Hattenefl  out  ngain.  The  rude  wiJ 
cvue»  aru  fonned  as  uutgrowtlu  from  the  outer  surfactt  of  the 
thickened  inner  layer  of  the  optic  cup:  they  do  no*  i 
untit  very  lafe  ;  shortly  before  the  time  ofbirtli. 

Tlie  mode  of  ori^n  of  th<>  flbm  of  tta«  optio  nam 
human  vyo  lias  not  becu  dc1«rmined  with  esnctness.  It . 
certain,  however,  that  the  nerve  fibrcB  are  not  (bnned  out  of 
the  wiill/i  of  the  optic  Rtalk,  nnd  it  is  probable  that  tber  ari>» 
as  outgrowths  from  ncniYiblnxts  in  the  nrlina  itself,  which  grow 
tnward»  towaivls  the  bma  aloag  the  path  aflbrded  by  the  optic 
Htalk ;  ntul  on  roacbing  th«  ba?^e  of  the  tlmlnmencepbaloa  pan 
across  to  the  opposite  .>«i(1e  of  tbe  bmiu,  tbim  fonnin^  tlie  Ofrtic 
ohiasma,  and  contioue  their  course  up  Ibo  Mdes  of  the  braia  to 
tbe  optic  tracts,  until  they  finally  reach  the  corpora  qoadri- 
geminn. 

The  eyelids  appear,  towards  the  close  of  the  secon 
as  folds  of  shin  above  and  below  tlic  eyeball  (Fis-  -13)i 
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nnito  nith  Mich  ntlier,  thus  closing  the  aye,  ftbont  the  liiini  or 
fonrlb  tunntb,  imd  M-piiratL'  n^n  shortly  Infoiv  birth. 

Tlit>  lasryBud  dnct  it>  forcavd  nlotig  the  Uue  of  the  lacrymal 
groove,  &s  aliniMir  dojiro'eaioit  ninnitig  from  t]i«  ct«  to  tbo  noM, 
along  the  line  of  mt-eting  orthe  extcrnnl  nn«n.l  procrsN  nml  the 
muxilhiry  urch  (yig>  -07)>  Tlic  uiuct  itself  omnf  an  a  »c>li<l  roj 
of  epitlu^lia!  cells  split  ofT  &om  the  Boor  of  the  groove:  it 
beeotiies  siimoas  at  uii  early  sta^.  nml  from  its  eid^s  iLo  tucnr- 
ntal  ffluudft  arine  lu  solid  brancbiHl  outi^rowUis,  with  dilated, 
hollow,  biilb-liko  toih.  At  a  laU'r  ntugo  the  Rolid  cordM  bworan 
holluw  niong  th(*ir  lucns,  and  cH>nvpr1«ii  into  the  Incrynii] 
dnct:*.  At  the  iuiier  canthti-'  of  each  eye  thf  dnct  bifurcutr-*. 
whilo  still  a  solid  rod,  to  form  the  rudiments  of  the  upper  and 
lowrr  Incrj'ninI  cnnals. 

The  third  eyelid,  or  pHni  Hi-inituiiAriH,  which  in  rudimentary 
ill  tuiiit,  ariacR  oa  •  iinall  fold  of  the  ooiijunctivu  at  thu  iimvr 
cnntlitm  of  the  ere,  within  tl>e  upjter  and  lower  eveltds. 

S.  The  Ear. 

The  rant  appear  aa  a  pair  of  open  pitti  at  the  sidea  of  tlie 
hind-brain  on  th?  fifteenth  day  (('iff.  107.  El),  Almost  directiv 
unerM-arils  the  nionthK  nf  the  pitK  clo»>,  nnd  the  vesicles,  tbna 
fi>rnit>(1,  8<'[)Hrate  from  the  skin.  The  original  mouth  of  «ach  pit 
len^thons  out  into  on  etoiignted  neck,  the  roc^esns  labyrinlhi 
(Fig.  22i>,  rr),  while  thn  resirle  itself  forms  a  flattened  Bar,  ev. 
•omewhnt  oval  En  outline,  and  lying  embedded  in  theoon[Hv;tit'9 
tissue  at  the  sido  of  the  hind-brain. 

At  the  commeriuemeul  uf  the  liflh  week  the  aitdttoi^'  vesicle 
booumiA  tnoK  irregular  in  shape.  Its  ventral  ami  anterior  end 
(Fig.  227,  hi)  grows  funvunls  as  n  short  Munt  proceaa,  whiuh 
Ibrms  tho  rudiment  of  the  oochloa;  whik*.  near  its  dorsal  end, 
throe  flattened  projections  npiK-nr  on  its  outer  aarface,  which 
aru  the  first  stageii  in  the  formation  of  the-  three  aeniicircular 
canals. 

By  iho  end  of  the  liflh  vreek  (Fig.  230),  the  auditory  ve.8i<:le 
iucreafted  cotiii!d>Tidt1y  in   m/ji,  nnd   it-M  main  divisions  are 

.  Htabliiheil.      The  body  of  the  %'estole  Is  dividrtl  liy  n   fold 

-*'-  twci  maiD  purtious :  a  dorsal  divisioD.  or  atrJenloi,  I'T ;  aod 

aldirisou,  or  saccnloa,  $.     From  the  utriculu»  the  iJiree 

lar  catiaU  artH',  tlu-  tnu  v^Tticnl  ranals,  R.i,  Er,  being 
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alivady  scitnmt«(l  from  the  \-eHicle,  except  at  their  vtak,  «b3r 
the  lioriRontal  cannl,  KH,  is  still  a  wide,  fJatl^^ued.  poBcb-Sb 
ontgrowtK  from  ttie  vesicle.  From  the  saccaliia,  the  cocIiIm, 
^;I,,  rtrises  as  a  sliort,  blunt,  anteriorly  dire<ct«fl  ontjriwik. 
'Ilie  ivc«ssii8  Inliynnthi,  Hit,  is  much  Larger  than  befbrr.  ajud  i* 
divided  at  iC«  lower  part  by  n  iiaiiition  into  two  tuboe^  of  wlid 
onf  opeiiM  into  the  eocculua  and  thtt  other  into  tiie  DtriculM: 
tlictte  tuliBs  affurdinpf  tbe  sole  oomtnunication  between  the  no_ 
cliamhers,  oacculus  and  utriculus,  of  tJits  au(lit<rry  \-c«icI«. 
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FlQ.  XS!).— ThcleCl  auditory  vedclrorB  namnn  Em  1x70  f oar  w*e\atA\»mk 
from  tli«  ou(i-r  BUTfaco  C*/.  *'iK-  S2?>.     FrDin  W,  Min,  Jan.      ■  3&. 

Flo.  £30. — 'I'lic  left  niiilii'ir.v  vmicIv  ut  11  tlnmun  Bintirro  flw  w«ek*  olil,  ««m 
from  the  oiitT  mirfiicn,     Kratn  W.  His,  juu.      x  33^ 

EA-KOMil'ir  irnlnil  HNiirin-iilLir  nuuJ,  BD.nnuMa  Mantnl  tba  i*n  vmM 
WDfclraalU'  THUBl*.  KH.  L>>f<iouul  or  viKmU  ninlrliiiBlii  nMl.  ■!,,  4Mlla 
BP.  pMUdiir  Trttlunl  -■■■■Irirtiiinr  Miii.l,  EE^  rmwyi  lalmtmu.  V7<  ^tHT 
thIsIk.    S.  amnliu.    tJT.  aMcnliw. 

By  bho  eighth  week,  the  sltHpP  Riidproportioos  of  the  tnlrnal 
ear  are  ils  shown  in  Fig.  231.  The  saccaluK,  8,  and  ntrintlo*, 
CT,  are  now  comparal  Lvely  small  parte  of  tho  intonial  eu. 
The  BomicircuW  canals  bare  greatly  increased  in  length ;  anA 
tiie  coclileo,  KL,  has  grown  euontiously,  and  ig  rolled  up  tpirallv 
oil  itoelf. 

The  auditory  nerve,  an  nlroady  uotioed  (p.  S3G),  vurr  cmHy 
becomes  continuona  with   the  auditory  epitbeliain :    it  torn 
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divides  into  two  mftin  portioiu,  titct  Testibalar  and  cochlear 
gnn^lia,  and  froin  these,  by  tiirther  (liviaion,  tlie  seveml  nenc 
endingH  uf  t)iv  adult  onr  are  ilcnrcJ. 

Till?  epithelia]  cells  of  tbe  auditnry  vesicle,  whieh,  it  will  ba> 
remembered,  are  derivi-d  directly  rroio  the  Burfeoa  epidi'rmifi  of 
t^e  head,  bc>coaie  variously  loodiGod  jn  diflerent  parts  of  the 
vosictu.  ()v(T  the  grvutcr  part  of  its  surTiuM  they  rctnuin  Bat 
{evi'tDent  <x>n<t,  while  oppoitito  the  nerve  endings  tliey  Ukraine 
altered  into  tht^  lioir-ct'll^,  roda  of  Corii,  sense  cells  of  llie  am* 
pullii?,  and  other  specialised  8tnictun-«. 

I'bd  in(>M)I>In9t  of  the  side  of  the  hood,  in  which  the  auditonr 
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iiiji}'  Te*ioIi^.  or  failvnal  cm-,  of  ■  Hubmh  XirIvto  of 
i'  from  tli«  left  aide.    Fti>m  W.  Hi*,  jun.     >■  )T- 

'  •"tstcliculu  ouaL    SA',  ■■(ulli  tit  ■iiMlurrmkal  mimI- 
-laatilMtirancMeiriaNBMImkreMiilb  Bg,>«ri— ^1 

<«naL    BP*.  mmraltit  td  inabaM  fallal  ■■■idrcriw 
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reside  is  embedded,  undergtie:*  imjiurlanl  rhnnj^ea.  Tlu  layer 
in  immwliatv  coutacl  with  tin-  rpilhplial  vmcle  becMDM  closely 
eotitM>«tvd  vrilh  thiR,  aiid  forms  the  couui>ctire  tissue  wall  of  the 
Uliyrinth ;  at  a  littlt*  distauoe  from  the  Inbyriuth  tho  mmoblast 
becoinee  convf  rtetl  into  cartilage,  which  forms  the  ptn-iotic  capBulc. 
Itclwwn  the  cartilac^inoiis  capsules  and  th«>  Inb>Tinth  itself,  the 
tnterreuing  meBoblast  breaks  down  to  form  tht^  p«!rilytiipbntic 
Bpacc8  aurronndinf;  the  veotibiile  and  tlir  aemicirciilAr  canale;,  and 
*hb  tvro  lymphatic  canala — twaia  tyni]>aDi  aud  xcala  rt'Slibuli — 
"  Ivtow  the  scala  media,  or  cochU>nr  outgrowth 


THE  IIVMAN   EUBRVO. 

In  ilw  iHter  stc^-g  tli«  cArtilagiaous  periotie  capat 
teplacetl  by  bono.  This  ta  in  chief  part  sponpy 
liiMfid  (lu  iin--  nurfiioo  towards  the  Ubyi-inth  by  taa-ere 
Ijone,  formed  by  tlie  p«rio«?t<*l  membrane.  Tbe  ino 
si'littt  of  the  cochle«,  as  well  as  the  oei«uus  sjtinJ  la 
fortned  wholly  in  connLHTtl\'0  dKno,  vrithont  anv  prvfoi 
CATtiUge. 

TIm  Aeeeuory  Aoditoty  Organs. 

'I'hi.'  Kiiritiicliiiiii  liilit-miil  LymiNtiiiccnvit^'aroforraej 
hyomandibalar  pouch,  or  (Uvtfrticulmn  Vrtiiii  the  pliArv 
[K>ucb  does  uot  quite  reach  th^  sai-fac«  at  any  t^Cajp*  o 
mcnt:  llii;  mvinbittiio  closiiig  it  at  its  outer  ond  bei 
tyin]Mknic  membrane  ;  und  thu  giaovf  or  depiN'Ssio 
Korfaco  uf  tJie  head,  opposiu-  thebyonmndibulnr  iKHich 
as  already  noticed,  tho  i-xttfruiil  anditon"  menttifi;  th_ 
«ur,  or  pinnn.  being  formed  from  a  s^-riv«  of  proMi 
loped  roHnd  il*  miirgin  {ruie  pp.  499,  500). 

Up  lo  the  titui.-  of  birth,  the  Eustachiau  tiib«;,  __. 
panic  cavity  itself  in  great  part, aru practically  f>Mit»'. 
walls  being  hrooffht  into  oontHCt  with  each  uiher  by 
lopment  of  very  abundant,  gcl&tjnoas,  connective  tiss  ., 
iiiib^t^incr.     This  is  alnsorb^d  atwut  tlie  timo  of  btrth 
tympanic  cavity  and  Eustachian  tuho  oi»ned  oxit. 


DEVKLOI'MENT  OF  THE  DICESTIVE  SYSl 

1 .  General  Account. 

llic  alimentary  canal  of  tho  huniati  embtyo,  ltlc>-  th 
diick,  is  at  ttiNt  m^irly  tlie  pHit  of  the  cavity  of  tho 
which  is  iuchidud  within  the  i.Hnbr}'0,  a«  thitt  is  constrioU 
the  hmd-,  side-,  aud  tail-folda  (e/.  Fig.  18d). 

As  the  constriction  dee|n'iiR,  to  form  th^^  yolk-«t*It. 
of  tht-  cavity  within  the  emhiyo,  or  meKnteron,  gnd\ 
coinest  niore  and  more  dharply  sepanilt 
yolk-sac  proper ;  the  two  coviliea  still, 
t'n^ely  tiirough  the  yolk-stallc. 

The  uiexeuteron  Koon  ncf[iuro«  a 
on  tbetifteenth  day  has  the  shape  and 
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It  cooaiatftof  tbraapirt^iorL-gut,  tuid-gut,  ruid  hliul-got,  wliich 
iLre  nppTCudnutely  eqtuil  in  length. 

Tbo  fiwo-gnt  ia  widont-d  tmnsvepsoly  at  its  anteriM  end  to 
form  the  pborynx,  IT,  whicli  u  fiepamt^-d  in  front  by  u  tJiin, 
vblifjuely  placed  soptum,  iiu,  from  tlie  Uitlomof  theKtO'iiiitotlaul, 
or  mouth  invngination,  bs.  Behind  tho  pbar^-tuc,  tlie  fore-gui 
uarrovra  to  fonn  a  short  tobuUr  portioa.  the  oesophagos,  which 
Um  iiDinediately  above  the*  h«art.  Bcliiud  tho  ocMophBgiu  In  a 
fusiform  dilatattou,  the  stomach,  Ts,  beyond  whiofa  the  fore-gut 
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no.  »S.— HuiBUi  Kubnro,  iMIaml  by  ProfeHor  Hb,  Lf.aix]  Mtlmalett  u 
Iftcon  days  oM  (qT.  rig.  I1i7).  Tt>e  bralo  ku(1  betfi  an  atpOMil  (nm  tha 
right  «d«;  Ui«  jtlfBHtiaijr  oami  utA  tho  yolk-^tslkan  nprtwaWt  in 
bmUmi  i^Utal  mciImi.    {Froa  Hb.)      x  SO. 

ft  4  ---—■— --r    BF.<ii>kMHwni*>hH>.   BL.»n»<rihon.    BlLnM-teato. 
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imicm  into  tho  luid-gut,  UT,  which  latter  opeiiH  through  the  ntde 
yolk-etiklk  into  th«  yollc-«nc.  Th«  tiind-gut,  (HI,  isat  litnit  narrow 
and  tubtilnr;  but- at  its  hinder  end  it  dilated  to  form  ttiu  large 
etoocal  cbainber,  TR,  fi-uui  tho  ventral  fiurfuce  of  which  tbo 
ollnntoitt,  TA,  ari&es  us  a  narrow  tnbular  direrticulain.  Tlitre  ia 
m  yot  no  tmct*  of  a  proctodical,  or  anal  itivaginacioD. 

In  embryoe  about  a  day  olili^r  Uum  tlm  one  reprearated 
Kig.  233,  l.e.  of  about  the  otxteeutb  day,  tbe  atomatodocal 
am  13  perforated,   and    the    mouth    opening    «tab)iabe<l 
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ftDtMior  wall  of  tlio  \^ns  capsule.  The  comon  beoci 
parent  during  The  ronrtli  inontli,  at  wliicli  tim«  it  i 
com-ej,  more  eo  than  in  the  iidult.  The  coruea  ia 
from  th«  Br»t.,  ami  much  tJiicker  than  tlie  scJei-otic  ;  a 
iita»  of  t'irth  it  is  Haiti  lo  be  iileolutely  iJiickcr  tli 
adalt. 

Tlie  choroid  ie  a  vory  vomuIat  Inyw,  in  which 
begins  to  nppenr  townrda  tbe  Bud  of  tho  second  laoi 
occ»i(>iui]  occurrviicc  in  the  ndott.  homau  r^  of  a< 
nteDt«d  fitreak  along  lbc>  iiiid«r  sorfaco  of  tbe  «yebal 
of  cytinplete  liuiure  of  the  inn,  or  ooloboma  iridis,  in 
atlributvd  to  iuoouiplete  clo^nro  of  Ihe  choroidal  Gssu 
much,  however,  ns  thi?  cliorvidal  fiwure  concerns  pria 
optic  Clip  Riono,  find  not  hhe  choroid  cojtt,  it  i«  prob 
colobonu  iridis  shonld  not  be  ref^nrded  as  »  ninph 
Rtrested  devt-lopmeiiT,  but  as  involvinir  eoiue  furthrr  pal 
prooeasaswell.  The  choroidal  (issur<.^  iiormallv  do: 
seventh  wed:. 

Tbi-  retina  is  fonncJ,  os  in  other  Vertebrae***, 
and  lliickcr  l«jvr  of  tin-  opUc  cup.  Aftor  tla  firwt 
it  grows  for  a  time  more  rapidly  tboa  tlic  outer 
bull,  and  coiisequeotly  becomes  throvii  into  fold«  wlu 
the  second  month  project  freely  into  the  cavity  of  the 
thv  Inter  KtageK  it  becomes  llutWned  out  again.  Tbe 
cones  nm  forniod  ns  ontj^wthit  from  the  outer  gurfte 
thickened  intier  layer  of  tlie  optic  cnp :  they  chj  no 
until  very  kte ;  Hliortly  before  the  time  of  birth. 

Thp  mode  of  ori^n  of  the  fibres  of  the  optie  nan 
hnuian  eye  has  not  been  determined  with  exnciiifss.  It 
certain,  however,  that  tlie  nerve  Gbres  are  not  formed 
the  wdlU  of  the  optic  stalk,  and  it  is  probable  that  Ih 
as  oiit|frowtbs  from  neuiobloets  in  the  retinn  iteelf,  whic 
inwardti  towards  the  brain  along  the  path  afforded  by  tl 
stalk;  and  on  reaching  the  base  of  the  ihnlarueucephfit 
across  to  the  opjjoeite  &ide  of  the  hraia,  tbas  fonniug  t 
chioama,  and  eontinuo  their  course  itp  the  side«  of  the 
iho  optic  tract*,  Hiitil  they  fiiudly  n.'iich  the  corpora 
gemiua. 

'Hie  eyelids  appear,  towaiils  the  close  of  the  second 
itff  folds  of  skin  wbovo  and  below  the  eyeball  (Fig.  21 
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noite  with  (^acli  other,  thus  elo»iiig  th«  eye.  about  tJie  third  or 
fbiirtii  miintli,  mid  ^^'juinitc  itgnin  shortly  bofon^  birOi. 

llu-  laerTsuU  duot  iit  formed  along  l1it>  Uue  uf  the  lacTTma] 
pnxive,  Dfi  H  linear  <]i-|>rv>A8iou  running  from  th«  076  to  thA  noM, 
aloti^  tbe  line  of  int«ting  of  tlie  ex(<>rnal  nKsal  procesH  and  the 
ii)A.\illary  arch  (Vig.  207).  The  dact  ittsell' ari«o«  a»  «  eolid  rod 
of  pplthi-liitl  rulU  vplit  ofT  from  the  floor  of  tho  groove:  it 
beootnes  siiiaotis  at  an  fnriy  sTajkF^,  aud  from  its  sidi^s  Lho  lacry- 
nial  g^Unds  ariw  as  solid  branched  outgrowths,  witli  di1at«d, 
hollow.  buIb-IIke  eods.  At  a  Inli'r  stage  Um  solid  cords  become 
hollow  ftloDf;  their  axes,  and  coDTertetl  into  tlio  lafrrmal 
ducts.  \t  thd  inniT  canlbu»  of  i^acli  i-yc  the  dact  bifna'atr*. 
wbitu  xtill  a  solid  ruO,  tu  furtn  iLe  riidioii-uts  uf  tbc  up[>er  and 
lover  lacrimal  canaU. 

Tbc  third  eyelid,  or  plicn  sptiiilutinrii^,  which  is  rudinientAry 
in  man,  arlsee  aa  a  small  fold  of  the  coIljuIlcti^'a  at  thu  iuaor 
cnnlhiiii  of  tlip  i"yo,  within  tbf  iipjwr  and  lower  ey^-lids. 

3.  The  Ear. 

The  ear)  iippear  as  n  |i«ir  of  o[>eii  fiitst  nt  the  «ide«  of  <}ie 
hind-hnun  on  th^  Bfleentb  day(Fi^.  197,  FJ).  Almost  directljr 
afterwards  tlie  mouths  of  the  pits  cIom^,  and  the  vcsicleit,  thus 
fonnvd,  HL'paratu  from  th«  skin,  Tbi>onginal  moutb  of  each  pit 
leiigth^iiH  out  into  an  elo»g&t«d  Deck,  the  recessus  lab^nnthi 
{Vig.  22!).  EK),  white  the  reside  it»elf  fonnn  a  flattened  sac,  ev, 
soDiowbat  oral  in  ontliue,  and  lying  embcddnl  iu  th«  cooacctive 
tiasw  at  th«  side  of  the  bind-broin. 

At  the  comuieiicemetit  of  thi*  tiftli  n-e^k  the  uuditoty  vesicle 
becomes  more  irrogolar  iu  shape.  Ite  neutral  and  anti^rior  end 
{Fig.  227,  f:i)  ^frowa  forwards  as  a  short,  blunt  procr«.4,  wbicb 
fonnH  the  ruilimout  of  the  oocblea ;  while,  near  its  dorsal  end, 
three  flattened  projections  npitear  on  its  outer  surface,  which 
an'  the  first  stagm  in  the  formation  of  the  three  semicircular 
canaU. 

By  the  Hid  of  the  Bfth  weelc  (Fig.  230),  theanditon-  vesicle 
has  increased  coacidtTubly  in  size,  and  its  maio  dirisioue  are 
WL'U  mtublitibi'd.  'I1i(.-  body  of  tilt' veeidc  is  divided  bv  a  fold 
iobo  two  main  jwrtions :  a  dorsal  divisiom,  or  ntrioulni,  in' :  and 
a  ventral  division,  or  saeoului,  y.  Kmni  tho  ulricultis  the  Ihn-o 
seinicircnlar  canals  arise,  the  two  vertical  canals,  K.\,  nr,  being 
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blraiuij*  9ei«rat«(l  rroin  tlie  vesicle,  except  st  tiiuir 
the  horizontal  canal,  Kii, «  Mill  a  wide,  llfttteaed, 
outffRtTTlIi  from  tho  vesicle.  tVom  tjje  sacciilue,  tin 
EL,  arisM  ta  a  short,  Lluiit,  iint<>riorly  directed  t 
'Hie  receiBua  labyriiitlii,  KR,  ia  much  lor^r  than  hcfo; 
divided  oA  it«  lowor  part  liy  n  piu-lilioniuto  two  tabes,' 
oni*  ojiens  into  Ili»  !<iu;cii1us  and  the  <>ther  into  tiie 
thi'se  tubef  a.tfc>rdiiig  the  aole  commnnicntion  between 
clinralwvs,  aicculus  and  utricnlus,  of  the  auditoiy  t-esid 
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TlQ.  S2(>.— Thp  litft  BQititnrjr  vtoicl^i  of  n  Hunuin  Kmhrjrn  foar  leovi 
iftim  th«  oatc^r  Bortaati  (^.  Fig.  S-ily     Kriiin  W.  Hi*,  jtm, 

yio.  SnO. — Tlic  lert  amliloT;  reticle  of  ■  Iliiiniin  Emlirro  Hvfr  WMh 
from  the  uuter  Burfaoc^     Vtam  W.  His.  jun.      »  Si. 

BAi  •Merlor  rcnlnl  aoolelniiiUi  cwiaL    TSD,  nouiuiii  uaa  uf  UkiJ 

KP,  pgaMrlor  renlMliDnildnuUr  ohhL   S&  Roamt  liK^ttelM. 
redcla.    S,  aoniliH.    UV.  utrtealiMi 


Bj'  the  eighth  week,  the  shapp  and  proportions  of  tiia, 
«ar  are  as  shown  in  Fig.  231.     Tlip  snoculu»,  s,  and 
IT,    arc    DOVi'    coinpanttivvl^  siimll   [ULrt«  of  tlio  int«( 
'niewinicirciilat- ohiaJa  Imve  greatW  increased  in  leuf 
the  cocbloa,  EX.  liae  grown  mtorniuiiely,  and  is  rolled  ui 
«i)  itnelf. 

Tho  auditory  nerve,  as  alreadjr  noticed  (p.  536),  i 
tiecomea  continuoai!  with   tlie  nudttory  epithvliam ; 
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divicW  into  two  main  pordona,  tlie  Tcstibulnr  and  oodiWr 
L;aii>;lia,  nnd  from  these,  by  further  division,  Lhe  aererti  uerra 
cudio^  of  tilt*  ndtilt  cm*  arc  doriv«il. 

Tliii  epitheliiil  cella  of  tlie  nudilory  vDside,  which,  it  will  bv 
reoifflnbertHl,  are  derivpil  directly  from  tlie  surface  epidennis  of 
t^  head,  become  variously  modilicd  io  diftVreot  parta  of  tlie 
resicle.  Ovrr  the  grater  part  of  its  BurfacL-  they  remain  flat 
pu%vmei)t  <w\U,  while  uppoiiitt'  ibe  uen'e  t>ndings  they  become 
altered  into  the  hair-ct-llft,  rods  of  Corli,  Bcntw  cells  of  tlie  ain- 
pullw,  and  other  epecialised  structuree. 

Tbo  mceolitaat  of  the  aide  of  the  heiod,  in  which  llie  Atiditory 
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no.  331.— Tha  l«fi  uu<liu>rf  tmIcIc.  ot  Intvnml  «v,  of  n  ITumiui  Btahtj^tit 
tbt  clg:hth  wt«k.  MOD  bom  Uie  tcft  aide.     Ftohi  W.  U\»,  Job.      k  IT. 

aA.Mit»rti)t  tiwttot  ■BiWrcafcf  ml.    SA',  wnpulta (f  mimIv  nrUnl  tnil- 
itrmlw  mid>  Mtk  iigufii  iiuiiB<i>r  »w»riii— lalrCTtoi  cand*.  BHibun—* >i 

— liliMhi  iBinl  ag*,— igaU***  lagMMI  mmWiwIji  auml  BIan«Uiii.  |BP, 
imtwIiB-  wtnUml  matttrvaltr  t—t  UP*.  mHwIU  rf  fMtvkir  >hU«1  aaMnnilu 
•maiL.    WM,  nrrmai  lalvilatU.    S,  K««alD«i    DT,  iitilmlBt, 

vwicle  ie  embodded.  uhderf^>i^  inijiurtant  chitngw.  The  layer 
tu  intttcdiatc  c-outnct  Mitli  the  cpitltctinl  v<-dc]«  b«coin««  clcwL'ly 
ooDDrcti'd  with  tliiB,  and  foniis  tlie  nmnvctive  tisoue  wall  of  the 
UbTTtoOi ;  at  a  Uttli*  distuuce  froiii  th>-  labyrinth  tlie  meeoblost 
beeomen  converted  intocartilttge,  which  forma  the  p«Tiotic  cniwute. 
Uetvreco  iho  car1ilugiiioti»  capsule  nnd  the  labyrinth  itM^lf,  the 
iutenreuing  memihlast  breaks  down  to  form  tbi'  perilyuiplinlie 
spncca  surroundinj;  the  vefitibiile  and  the  semicirctilnr  cannl«,  and 
tlie  two  lymphatic  csnab — scnla  tympani  and  sciila  mtibult — 
which  lie  ftbM-e  and  below  the  acala  media,  or  cochlear  outgmwth 
from  the  labyrinth. 
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At  its  fit-fit  formiLtiuii  (Fig.  237)  tlie  pharynx  is  of  appmxi- 
matclv  unifortii  width  along  Ha  whole  length  j  but  at.  oa  enrijr 
stage  thf  anterior  part  widcas  very  greatly  and  llie  whole 
pharynx  bt-comes  funnel-ahapti],  witli  the  apex  directed  back- 
wards (Pigs.  238  and  230). 

Tilt!  condition  of  the  pfanrynx  ott  th«  fiftoenth  day  is  shown 
in  horizoiilal  section  in  Fig.  237,  which  should  lie  corapared 

wiih  Tig*.  IfiJ  and  Sit, 
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vrhicb  repreM-nt  thm  mtDf 
embryo  in  tmrfiun  riev. 
and  in  ss^ciaJ  srctiuti. 
Thi;  v-iscvml  arches  aiv 
sf*u  to  fomi  promino&t 
ridge«  projecting  iDtt>  the? 
phar)-ux,  and  i«f[>anitt^ 
from  one  another  1^ 
grooves,  thp  Tiiceril 
pouch««.  Of  th«  visceral 
arclMTs,  the  niauOibiiLu', 
wx.  aud  hyoidean,  HV,  are 
well  developed;  and  Iip- 
hinil  ih«so  Lbo  iirst  and 
Beoond  branchial  orehei, 
nn'  and  UK*,  ore  recogni^ 
able,  though  le*w  clpariy 
dftiii«d. 

The  hjoinaudibular  aud  tirat  branchial  ixMichea  ore  writ 
formed ;  and  corresponding  to  thi>tn  ob  the  outer  surface  of  tlit 
pbarii'iix  arc  woll-ninrkod  cxkinial  risoeral  grooves,  clearly  »e^ti 
in  Riirfnop  viewn  of  the  prabryo  (Fig.  U>7,  MM.  lit').  'iV  romv 
Kpoiiding  visceral  pouches  and  grooves,  un  tho  inner  and  oitier 
Borfaces  of  the  pharj-nx  respectively,  do  not  cjoite  iiir^-t.  bat  are 
»>pamt#d  by  thin  mfmbranouB  partitiong,  of  which  tho  meet 
anterior  one,  ?.B,  between  thu  mandibular  and  hyoideaii  arcfai^ 
becomes  ultimately  the  tympanic  nn-nibnine. 

I'urthor  bftob,  there  are  leas  stromfly  markwl  si-coml  bnin- 
cbial.andihirdbranrhialponclies  or  grooves  on  the  iiun>r  snrfMw 
oftlif  pliaryiix,  with  slight  indications  of  CDrrespoadinjf  viifcenl 
grooven  on  the  outer  surface. 

Towards  tlie  end  of  the  third  wo«k,  aud  iu  the  early  part  of 


yia,  I'llT.^Thc  (loflr  <if  ibc  pbntjnx  of  n 
Huiunii  Enibnr<»   ft(tv<«  dajs  old.  mwd 
f    trmn  iibtirc.    '(cy.  Ki|[a.  187  and  SSI.) 
;;(Kro(u  Hla.)     xOO. 

JlI,  dnL  ibnrtlr  Afi-U,  In  tiit  inibidlbiiW 
ttri>h.  AV™"''  '"'''  """^  '•  11"  fs^^ 
nKh.  BB.I.  dm  tmnaiiioj  nvli.  BJEU. 
■Hiind  bniiFliift)  nth.     C.  Inhr  nn1i)p.  or 
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tXDi|*ii^t  JLirtulmiw  f  Iju  iiWIklo.  UV. 
Iiynid  Kich.    MK,  muhllbalu'  arch.     TU, 

itibvKtiiiiin  Iiii[i4r. 
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unite  with  each  other,  tbtis  closing  the  vye,  about  the  third  or 
fourth  nHMitb.  mhI  *i*imrnt«  ajrain  shortly  befoffi  birth. 

Thn  IseryBal  dut  is  formtftl  ulun^  thi>  line  ur  the  Incn,  rniil 
gnx>VL%  lis  a  I  iiwur  depression  runniog  J'i'om  the  vye  to  tl>o  nwu, 
•long  the  line  of  meeting  of  the  cxtcriutl  na«al  proooM  aiMl  tbo 
ninvillnn,'  arch  (Tig.  207).  The  duct  itwlf  triwa  bb  a  solid  rod 
of  cpitlii-lial  culls  split  off  from  the  lioor  of  the  groove :  it 
bMonics  HiiiuouH  at  an  early  stage,  and  from  its  sides  the  lacry- 
tnal  glands  arise  as  solid  bn(nc[R''d  nutgron-ths.  with  dilatod, 
hollow.  bnlb-Iike  efwii.  At  a  lal<T  stiigi?  tb»'  solid  cords  becomo 
hollowr  along  their  ax«e,  and  converted  into  the  bu-rymal 
dnctx.  At  till'  iuiHT  canttiti-i  of  each  eve  thi*  duct  bifuraiti-^. 
whiltJ  ^rill  a  fiiilid  rod,  tu  form  tho  rudimeut£  of  the  upper  aud 
lowtT  lacrrmal  cniinle. 

The  third  eyelid,  or  plica  M-iniltinaHs,  whif-h  i*  rudimcntarr 
in  iDftii,  arieofi  as  s  ^mall  fold  of  the  conjunctiva  at  t)ie  inner 
canihus  oftbi'  i-ro,  within  the  Hpi>cr  and  lower  eyrlids. 

'i.  The  Ear. 

The  ears  nppear  as  n  pair  of  o[ieii  pitK  at  1h«  sides  of  the 
lund-brain  od  tbt^  tlfteenth  day  (Fi);.  107,  Ki).  Almost  directly 
oAerwanh*  the  months  of  thi.-  pit8  clOi>v,  and  tho  vmiclei),  thas 
Ibrm^l,  iM^parate  from  (he  idcin.  The  original  month  of  each  pit 
lengthens  out  into  an  elongated  neck,  the  receeau^  Inbyriotbi 
(Fig.  22!),  Eic),  while  tho  vtMiolv  itvclf  fomis  a  tialteDuI  sac,  KV, 
KunewliHt  oval  in  outline,  luid  lying  omi)«<1ded  in  theoonnective 
tissue  at  the  side  ofthc  hind-brain. 

At  the  commcuceuviit  of  thv  dHh  wi'ek  the  anditoty  vealcle 
becomes  more  irregnlar  in  inlmpe.  Its  ventral  and  anterior  end 
(Fig.  227,  lU)  grows  fijnvanis  as  n  short  blunt  proo-sn,  which 
fbruis  the  nidimeat  of  Iho  cochlea  ;  whilf,  ueur  it3  dorMkI  cimI, 
three  flattened  projections  ap|>eJtr  on  its  uut«r  surface,  which 
are  the  first  stages  in  the  fonnatJon  of  the  three  aemicircnlar 
canaU. 

By  the  end  of  the  liflh  week  (Fig.  230),  the  auditory  reeiele 
has  iucreaMd  conniderabty  in  site,  nnd  its  main  dirisiooa  are 
well  establislicd.  Tho  Imly  of  the  vesicle  is  divided  by  a  fold 
Into  two  main  )>ortioas :  a  dorsal  diviniun,  or  ntricnloi,  vt  -.  and 
a  rentral  division,  or  saeeultit,  s.  From  the  ntricnlnii  the  three 
wmidrculnr  canaU  smte,  tho  two  vertical  canals,  ea,  it,  being 
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(H'jiaiiK,  and  more  of>peciall}'  the  lact  tliat  in  it<,  ns  in  th(*  nnterior 
arcliee,  as  aortic  arcli^  or  branch  of  the  tmncas  artcriosae.  a\  it 
preeenb,  sliow  lliat  lito  ridgo  in  question,  BR*,  la  reoili,-  a  tliird 
braodiial  arch. 

In  Fi^'  '^^^  it<  is  seen  tlmt  ihv  second  brancbinl  ajcbee* 
br',  nol  only  lie  nenrCT  tlie  middle  lino  Ihaii  t\iii  linrt  lirAuobuI 
arches,  bii*,  but  are  alau  in  part  Hvyrliippt-il  by  tliese.  I>nrti^ 
tilt!  latter  pari  of  tJie  frmrtli  week,  iJiis  overlapping  bccojoes 
mucli  mor*  innrkcd,  tbo  jxwUTior  viaewftl  orclit*  yhifting  ft>c^ 
wards,  nnd  lioin^  tpleficopcd  within  the  arcbeB  in  front  oftheaa. 

In  Fig.  239  the  conditiua  ut  ibe  end  of  the  fourth  wae): 
i»  sliowu,  at  which  time  the  first  branchial  arches  b»vT-  com- 
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Vt(l.  S8D.  — Tbp  Ho*r  ot  llic  pluirvrii  if  a  Ituimui  Kinbf^ra  l«Mit3''tn)rlti  >iiij* 
old.  »c«n  from  iibore.  fy,  Vig.  316,  vliicb  ivfircaoiils  tha  mi»«  pisbmiL 
<Ptoi»  U'»)      '  HO. 

^^ttilsAn-nlrar'li.iiht^Knntimn'llAMnnb.  A.4.tinrtfc  •"ntrnn^i  inltownal 
htBtirlilul  trvli.  A.S.  0!''     '  "      "*  ''  '■'■■  ''    "  'r'llNMRkWi'-  '      TTTT  *  i,<^AM 

■Rh.    BliA  ■'"''"I  *"    '  '''''      '  tiiiirun<*aKii.  L«Tlifii 

YrVeb  ftflcnmnb  li»-"'.  ■  ■    ■  <>i4«iiB    FK  .  ,     HT, 

bjri]^^    fln'l^,      3tfH.  nim.li  run.,  ■- tl.  .it.i;.  t**rt*rTlofc.....      'J"ll- rjLH.T_*i*    I%TM| 

mJiiiirtit,     TV.  iiili*'n<i'^>M.  \'  ;t.  Tu*iiAlt>it]kr  lifarh  h4  i Haunt rul  mti*< 

Vn.  Iiynlileiii  rinueli  dl  [;.. .  IX,  iflu^iiluk^vaia)  Mrrr.    X,  lavsaW 

pipiely  tn'ei')i\pj)ed  tbf   seniiid   brntH-hial   iirches,  BR*,  8U  w  li> 
conceal  tlicm  in  einfaoi'  vi>»w«  of  tht*  einbrro. 

During  the  fifth  we^k  thp  fir«t  branchial  nrche«  are  in  their 
turn  overlapped  luid  cfnccaled  by  tbo  hyoid  arches   (V      '' 
BO  that  ill  siirt'aoe  views  of  embryos  of  this  ago  twnv  of : 
boliind  the  hyoid  can  be  seen  (e/.  Fig.  205). 


THE  pnARTKX. 


5S8 


By  tbis  telescoping  of  the  vi^cr-ral  nrcheg  a  tieop  oleft  is 
letl  at  encti  mW  of  the  ne«-)c,  extending  round  to  its  rvulrnl 
xnrfoce,  nnd  dividing  t.bo  pharyngeal  mgion  from  tho  trunk. 
lluB  dtitt,  which  pcMi^ntii  «  certain  resemblance  to  the  opercular 
cavity  of  a  ladpolo,  ia  tlw  sinus  pra'cemcalis  (Fij^.  2H>,  ev) ;  il 
iillimiilt'ly  bi'conies  obliterated  by  fii»>ion  of  ita  nnti-rinr  anil  po»- 
terior  woDh. 

3.  Tbe  Tipper  Up  and  the  Palate. 

Till!  fmutn-niuuil  proi-e^t  <x>iiHist«,  aa  olnNMly  dBBOrlbed,  of  a 
RmllAii  nnea  (Fig.  2-K>.  ff),  and  two  IiitemI  lobes,  lite  processus 
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Ptn.  SIA  -  Tbe  bn«l  anil  nook  iif  n  Huiunn  Kmhryo  ililrl^'liro  dny*  oM,  M«n 
fruiii  tbo  Ti'nind  ttataeo.  The  Boor  of  iIm>  rnunlli  miiil  iiharyni  Ivia  beta 
n-RioTci)      ('/.  KlfT-  SOB,  irhicti  ia  nti  oulliiw  Sffarc  of  Um  anmn  ptiib«7e. 


<rRMB  His.)      ■  IX. 

BILli  In*  ftrmdiiit  -r 
II*  tajviD^iia^ahv  ■■- 

fwh.    Hr.h^oU  ■  .      ,  

mnSOny  wrk    Op.  <>v.    OK.  noulh  af  matttrj  ill, or  (tvraal  MMrfl. 
iMMIujr  In)]'.    8U.  «nu*  iirwtnkitU. 


I  (thMi  tamoM*  lik«  Ifsipaalt  dKa<na(i  TOlf"' 
i-tn  M  frwra  Mi»l  |inw—     BM.  >Ti«>i«»*<aif 


fllobniares,  PC.  Tbe  processus  globalare«  form  the  inner  lipi 
of  Uw  nasal  grooves,  wliicb  cnnnt^-ot  tho  olfitctory  pit*  with  tho 
month,  and  of  which  the  outer  lips  an<  forruH  by  tbe  inner 
edges  of  the  maxillatr  archos,  M.X.  By  fusion  oftlteirianeraDd 
o>iit«r  Itpn,  tbo  nasal  groovM  become  oonTcrtMl  into  (ho  posterior 


554 


THE  HUMAS  KlUIBYO. 


noHil  pAssogoi!.  n  pAir  of  sliort  ta\w»  Icndins  rrotn  the  olfiietotr  ptu 
to  the  fure  part  of  tiio  roof  nf  Ihe  moulb,  into  which  riiej-  open 
in  much  the  same  po»ition  s^  tJie  poe'ierior  nares  in  ait  Aclult  fn/g. 

At  a  Inter  stage,  aft^^T  tht>  outgrowth  of  tlie  median  pwt 
or  hridgL-  of  thw  nose,  the  two  ppocessus  gh]1>tilarci^  iiie^t  »«ch 
other  in  the  iiieJiau  piano,  and  fusv  to  forui  the  uediau  put  of 
thp  nppLT  lip  (./.  Figs.  207  and  2U). 

There  nrf-,  thus,  in  the  upper  lip  thi-oe  sntnnil  lines  :  a  n)l^diaD 
Olio,  whei-e  lli«  inner  bdrderE  of  the  two  prooctiEiis  globalaraB 
meet  tkuil  fuse  with  encli  oilier;  unA  n  pair  of  lateral  oneii,  where 
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Fm.  241.-  The  twif  I'f  Hie  ini.iith  tjl  a  Haninn  Rmtiryo  about  tiro  awl  »  luJf 
m^nibaold, )-liuw'm)(  iliu  iuimIc  ol  tonuatioaot  ttio  |iolat«L    (Pnmi  Utajj 

FO.  imwfvni  elnheinrlt    FO*.  lokbit  pni^  ot  fn^ntat  irtAalBth,     IC£>^ 
riailllnrtnreh     VJL'.  (Hliial  i<n'mt  o!  mixtUBrv a<:lL    OB.MMHli  r»ntj.    OD. 
eyr.    OK.  ftinnun-  uf  otluiur)  |rti.  •it  ii'inrU.    OIi.  ltiM> 

the  oaler  borders  of  the  proix-i^^us  glohularcs  Dioet  aitd  fuse  vitli 
the  inner  enA»  of  the  nmxillarj'  arcbe*, 

Tlip  median  cleft  ih  llii^  ono  wtiioli  persists  throughout  lif 
in  ili«  hare  or  rabbit,  but  it  is  doublful  whether  it  ever 
open  iu  man  ;  what  is  called  hare-lip  in  tiinn  Inking  <Iae  to  iiDper- 
feet  closure  of  one  or  other  of  tlio  lateral  clofts. 


'flitf  ptlata  1^  formed,  as  regards  its  vaoet  anterior  pOfdoHd 
by  a   pair  of  horizontal  shclf-libp   oiitgrovrtli*  from  the   pr^ 
oessns  Rlobiihir«*  (Fig-  241,  ro'),  which  meet  and  fuse  in  the 
nieiliau  pkno.     The  rest  of  the  pulate,  oomprising  the  j,TBiMM 
part  of  itft  length,  is  formed  by  ttvo  siniilnr  oat^row-llis,  MX';  from 
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tlie  inner  nurftces  of  thf>  maxillaiy  arrhps.  'Ilie  pnliital  pro- 
|oeS968  grow  rspidl;^,  anil  bj  the  bej^numgof  ibe  Ibird  mtHitli 
the  aulw'ior  cn<b  of  tlie  maxillaiy  proceases,  Mx',  liavo  met  and 
fiiwd  with  pnch  otiifr  in  tlie  uu'dinii  plane,  immedialcly  behind 
the  |inMniu(tllur}r'  proMKHrs,  or  AUtgrowibii  fmm  tlw  prooeHHUH 
gtobiilares,  vo'.  A  small  apvrtun.^  is  Ivfl  in  itii;  minlian  plane 
b€tn-oeD  tli«  Tour  palatal  proctseefi.  and  pereistB  as  the  forsmoai 
incisivum.  The  completion  of  the  palate  is  (-ffprtecl  by  tho 
exteimioii  liackward*  of  tlio  fusion  of  tb«  inm-r  (.-tlgCK  of  the 
tnaxUlary  proc«s»e9,ton-ai-ds  their  binderends.  Occaaionally  the 
unioD  fails  to  take- place  properly,  aiit]  the  mAUVirDintitm  known  as 
cleft  palato  result*. 

Dytbe  rurmal  loii  of  tli«  palate,  tlie  anterior  part  of  tl>e  mouth 
cavity  becomog  divided  into  dorsal  or  nusal.  and  vfnl  ral  or  buccal 
portions,  and  the  communication  between  the  jiofiterior  noBtnls 
and  tlie  buccal  cuviiy-  ia  cbifled  bnckwnitU  1o  tlie  level  of  tW 
hinder  ^)f«  of  the  palate. 

the  sepluin  nariiiin  is  foiTned  in  tlie  first  iustance  by 
upgronilid  fi-oiu  the  inner  m1|{v«  of  the  palatal  procoSM's,  which 
fuse  togetlier  in  the  moiliun  plane,  and  grow  dorMilwarda  a*  a 
partition,  dividing  the  nasal  cbamlwr  into  right  and  left  lialTus. 

\.  The  ToRpie. 

The  tongue  arises  from  tlie  floor  of  the  foi-e-giit,  so  iHat  il« 
eftttlwlial  L-overing  is  cnlin^ly  of  hygmbtaatic  origin.  It  is  fortued 
finotn  two  rndinients,  which  are  at  Brat  completely  separate  fivnti 
Mch  other;  an  anterior  median  swelling,  the  tabercnlain  impar, 
from  which  the  body  and  tip  of  the  tongne  are  deTelopi*d  ;  iind 
a  lx»»t«rior  V-eliaped  ridge,  which  gives  riw  to  the  root  of  tbo 
tongue. 

On  thf  &n«euth  day  (Fig.  237)  the  vential  ends  uf  tlw 
mandibular  arches,  m.n,  almost  meet  each  other  in  the  median 
phuie  ;  tlie  ventral  vnda  oF  the  byoid  arches.  IIT.  aro  aonie 
little  distance  froni  each  other;  and  the  ventral  ends  of  the 
fint  and  second  bmuchial  nixihes.  iiR.i.  KK/i,  are  6till  further 
apart.  Tltere  ia  tha9  led  in  the  floor  of  the  phnr>-Rx,  between 
tho  ventral  ends  uf  the    visceral   arcliee,   "  '        meso- 

brattchial  area,  the  apex  of  which  '  n 

tho  donnl  surikco  of  tJtie  area  t 
the  heart  (Pig.  2i)2)  liea  imnx 
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At  tlio  nnlerlor  Mid  af  the  mfM\iTiaK\iia\  lu^n.  l>etw(>An  tkp 
ventral  fnds  of  tin*  m^mdibolHr  .•iiid  hyoid  archex,  is  a  raiftil 
rouiid(<d  elevatioD,  the  tnberciUam  inipar  (Fig.  237,  tl*).  Bebind 
Ihii;,  and  bctwiNin  the  vi*ntn»l  t-iul*  of  ihc  Snst  nad  SKnod 
brnncliial  archee,  l.httre  ittn  mnrli  larger  plevation,  with  promiiienl 
rounded  lunr^ins  and  ft  medifkn  lungitudtnnl  furruw.  This  is 
tlie  fuxala  (I'ig.  2i!7,  to.);  and  from  it  tlie  e])i^I(iilifl  will 
developed  nt  a  lator  atAgc,  while  tJie  modiaii  groove  will 
th«  glottis. 

Tlie  furcnilalies  at  first  immi-diittcly  Wliind   tliv  tnl 
impar;  btit  in  the  early  part  of  Ihe  fourth  week  (l''ig.  - 
two  become  separated  hy  a  transveree  ridjfe.  formed  from  thr 
vc-utral  euds  of  tliu  liyoid  and  first  bmnchial  orctioi,  wliirli  ot 
together  and  extend  across  (lie  floor  of  the  niotilh.     Tliis  riis 
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Boon  grows  forwards  at  the  sides  of  the  tnberculam  impar, 
ombrndng  it  like  a  V-  At  the  naglo  of  the  Vi  between  th^ 
ridge  and  the  tHbL-rculum,  n  amiill  bai^kwanlly  dinvtM  pit  is 
formed,  the  mouih  of  which  hccofoes  tlie  foramen  otccam  (Fi|:. 
239,  rK),  while  the  pit  itself  become*  the  int-diiin  portion  otih*- 
thyroid  body,  Tii. 

The  modiaii  Ttai't  of  the  transt-vne  ridgi*  soon  bK^imM 
marked  off  hy  hiternl  grooves,  and  ftisiDK  with  the  tubenrtduio 
impiir  gin-!*  rii»e  to  the  root  of  the  tongni?  (Fig.  'Zi2).  The 
V-shaped  groory,  markiDg  tlie  bfumdary  Iwtween  llie  two 
originnlly  sepnriite  ck-iiiPntH  of  which  the  touguo  oonaistA,  is 
vi-ry   conspicuoiiK   throughout  development,   and  is  often 
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rkeJ  in  tbe  ailult :  it  i»  oIwait*  Indicatetl,  iit  tlie  medlon  plane, 
by  the  rorsmen  cwcum  (Kig.  '^^2,  n).  The  liiw  of  circam- 
vftllole  pnpiliw,  which  appears  during  tho  third  month,  lies 
tmiDudintvly  id  front  of  liiix  groove,  iiiul  Uturcforc  id  the  piiri 
of  the  tongue  fonned  frxin  ihe  luhi-rculum  impar:  immediately 
ill  IVout  of  the  fcmtneu  cH;cam,»nd  aoineliuit^  suiTomidingit,  is 
a  single,  very  tlecplr  dcprcniifd  circumvalhibp  papillu. 

The  double  ori^n  of  the  tongue  ia  indicated  by  its  norro 
Boppir;  lh«  body  and  tip  <tf  the  t-oiipic,  dorelupi-d  from  tho 
tuberviilnm  impar,  are  supplied  by  the  gUKtabor)'  hranoh  of  the 
trigciiitnft!  nerve;  wbilp  the  root  and  sidefl  of  tho  t«ngiM, 
di>vplo|ie<l  from  thn  tiTinsvirrsv  rtdgc,  are  Hupplied  liy  the  glonso- 
pbaiyDjrt-al.  It  Diu&t  be  uot«d,  however,  that  in  «rdei-  to  n-aeh 
the  circumvallate  papilltp  the  branches  of  the  glotBo-pharyageal 
tterve  Iiave  to  ovf^rstpp  tlte  lioiindary  t«twwn  th?  two  parts  of 
tbo  toDguu,  aud  iuvode  the  p«rt>  foriuiMl  fiuiu  tbc  tubcrculuni 
inipar. 

5.  Th«  Thyroid  Body. 

The  thyroid  body  U  formed  from  three  iadeiiendeutly  arising 
Todim^nts,  which  remain  distinct  until  a  rather  late  st^ge  in  dev<^- 
lopiuent :  (i)  n  Middle  thyroid  rndimeiLt  (I-'i^.  '2ii'J,  ni).  which  in  a 
dn-p  pit  oomnieociug  at  the  foranieii  cuxnm,  at  iLe  jaticlion  of 
(ho  Ixxly  mid  root  of  ihv  toagiiv,  nail  vxtvutlin^  duwnniinU  uoil 
tnckn'Ardi^  in  th<>  tiooi*  of  the  tooutb  ;  and  lii)  a  pair  of  lateral 
thyroid  mdimeoti.  which  atv  oot^Tvwths  of  fpithrlium  from  the 
door  of  the  mouth  at  the  sidea  of  the  laiynx,  in  cloae  rehuion 
with  the  third  branchial  poachy. 

Tbo  middle  thyroid  mdiment,  which  ap]K-ors ebonl.  tlie  middle 
of  th<>  fourth  wo«k,  roostiU  at  (]n>1  of  a  "horl  liibular  duct, 
which  divides  »t  its  blind  end  inl-o  right  and  lell  hilNw(rtg.  299, 
TH).  During  the  fifth  week  the  medioD  duct,  or  tbyri>-gIoua3 
dnct,  elongates  rapidly,  gntwing  downwarda  and  bockwardu  until 
it4  liifurcat<^  distal  Knd  lit-^  uppoaite  tJie  larynx,  ur  up|>er  end 
of  the  trachea.  During  this  rapid  growrth  the  duct  uanally  loan 
ila  liinien.  and  1»^»meB  a  solid  nxt  of  epitbclial  oelU  nxtondiag, 
in  tliv  median  ploni?,  from  thn  fotwnoo  otsoam  tu  tlie  tavdiMk. 

Towards  the  etwl  of  thi*  fifUi  WMk,  tbia  t^ptcJietial  eord 
luually  beootnea  broken  op  in  the  middle  part  of  itn  coane  into 
a  uunibvr  of  detailed  frngnwats  ;  and  n  littU-  Iiitrr  iL  brcotoM 
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xtill  forther  iuU-mipletl  by  the  fnrmtilion  nf  the  autUftginoa* 
Ivitiy  of  tlie  liyoid,  wliitli  Hwt  iMiitctly  in  itj*  patJi. 

Hie  pain>rf  liitpri!  thyroid  rudimoni^  e«rly  p^paratt-  frorn 
tlie  epitJit'lium,  aud  tbmi  a  pairoriobed  uia&^'s  lyin^at  Uu>sid» 
ul'the  liirynx,  nndof  oonslderably  bugger  eixe  flian  tlie  btfurestrd 
median  nidiment.  At  a.  latw  stage  tliey  shif^  Btitl  further  l»ek, 
so  a.1  to  lie  atongHide  thf  tracli«a,  end  tbeti  fuse  nitb  the  median 
rudiuieiit  to  romi  tlie  deftoite  thyroid  twdy.  The  median 
rudiment  gives  rise  to  tlio  iiftlimiis  of  tlii>  ndalt  thyroid,  anil 
probnbly  Ui  parts  of  llm  Intent)  lobt;^  as  nell  :  tlu*  gT^nter  pan 
of  the  Intend  lobt-s.  hiwewr,  are  formed  from  Ihe  much  larger 
Intrral  rudimenta. 

At  nn.  cnrly  stngn  th«  lobes  are  excavated  by  n  number  at 
(]>.-tnchcd  cavitiirn,  which  become  tbe  redctea  of  thr  ndalt  tbrroid 
From  (lift  history  of  their  dfvelopment  it  follon-s   that  th«  ep- 
thelial  walla  of  th^ae  vosieles  are  of  hypoblastic  origin. 

The  duct  or  stalk  of  tJie  middle  thyroid  rudiment  miinlly  dti- 
nppi'ari  Id  grtMit  part ;  dctoclied  jiortiona  of  it  not  uucorataotily 
jiersiitl.  n»  ucocsisiury  Hupnihyotd  or  epihyoid  hodiea.  or  m  cyttm. 

Occnfiiuiiolty  the  upper  part  of  the  stalk  pi>rei»t8  as  ■  tiibf. 
the  lingual  dnct,  extending  from  the  foramen  ca»cum,  on  thp 
dorsum  of  the  t-ongue,  baokwardti  nud  dowiiuunU  towards  thr 
body  of  the  hyoid,  or  actually  reaching  thid  in  some  casee. 

The  lower  of  posterior  part  of  the  stalk  iiiny  also  ocrasioDallT 
pei-sist,  forming  the  so-calloi.1  pyramid  of  the  thyroid,  a  sonr- 
wiint  pyriform  l«dy,  enlar^d  jind  saccniar  at  irsi  lower  or 
posterior  end,  and  tapi'iing  upvranU  to  a  fibrous  crnrii  whicli  in 
attached  to  the  dorsal  surface  ofthe  byoid  bone.  The  pynunid  is 
apparently  formnd  by  porsistenci-  and  enlargement  of  oneof  tbt* 
two  branches  into  which  the  Kt^lk  hifarcatM  at  itf»  lowvr  end. 
When  pn-acnt,  it  is  usually  BiuKl?,  but  c»*es  hiive  occorred  In 
which  two  pyramids  were  found,  due  apparently  to  penoatoDW 
of  both  hranchoa  of  the  bifurcation. 

G.  The  Thymus. 

Tile  thymtu  is  .t  paired  oriraii  of  fpitiielial  ori^io.  de\*elope(l 
in  connection  with  the  second  und  third  branchial  cIeA»,  uul 
perhajH  the  tlrat  brimchiii!  clefl;  s%^  well. 

It  appears  nbont  the  middle  of  the  fifth  ^reek  ;  I.ut  as  t^  the 
precise  mode  of  it9  fomiation  there  k  still  M>me  d<7Qbt.     Bom 
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maintains  that  the  thymus  of  man,  Ukethat  of  other  Vvtiebral««, 
in  developed  (ntm  the  hypublairtic  liniag  of  the  pliarynx ;  Hiit'' 
obMiratioiis,  ud  ibt^  other  hiuul,  sui)|K)rb  an  epiblaslic  orifpn ; 
the  thymus,  according  to  him.  being  formed  from  the  cpiblastic 
walls  of  II10  Binns  pncccnieiilig,  the  d>>ep  fidsare  at  the  eido  of 
the  Bock  caused  hy  ihc  ovi-riapping  of  tho  hinder  visceral  uicbRS 
ly  the  more  anterior  one*  (rf.  Fig.  210,  sv). 

The  thymus  gradaally  iihifta  hackwords  towards  the  root  of 
itbe  neck,  extending'  along  tli«  piieuinogastric  uerve  nod  carotid 
ArtciT  uluio«l  as  for  as  the  heart,  Itattaioa  a  ^reat  eizoin  later 
foetal  life,  and  continues  to  increasi-  aflcr  ItirtJi  np  to  altoiit  the 
end  of  tlie  second  year,  when  it  ineaHum  two  ioches  or  more  iii 
leoKtii- 

7.  The  Salivary  Oluids. 

Thv  talivary  g^huida  commence  to  form  early  in  tlie  iteooud 
month,  and  hj  the  end  of  the  n>i>uth  bavi- attained  a  considoruhle 
Mi^*.  Tho  iluct«  arise  a»  groovi-H  of  tbu  buccid  •:-[iilh«*Iiiiui, 
which  by  fuuou  of  their  lips;  become  tubes  ;  th«  ((latidt)  them- 
selves are,  nC  tirat.  aulid  outgrowths  of  epithelial  celli<,  which 
later  become  hollowed  out  by  extension  of  iho  cjivitii-s  of  tbi* 
duels  into  their  nnb^tance.  The  submaxillary  glnud.s  appear 
first,  then  the  parotid,  and  Inetly  tlieinibliiigual  gUinds. 

S.  TImTmIL 

Tho  teeth  vo  dorelojied  in  man  in  veiy  much  the  Bami*  way 
OH  in  th(!  rabbit.  In  enibiyoe  about  seren  weeks  old  the  epi- 
tbeJium  becfim.'«  l1iick<nii^d  iilong  the  Vinl'-T  of  each  jnw,  and  the 
det'p^r  or  Malpighian  layer  of  the  epitbelinm  grows  down  into  the 
siil>stAnce  of  the  jaw  ns  a  continuous  keel  •like  ridge,  (he  common 
«aunel  gens.  'Iliis  soon  becomes  ciilargi.-d  at  iotervatH  to  form 
the  enamftl  or j;ana  nf  the  milk  or  deciduous  t««Ui,  while  Iietw^eu 
tbp  eniiui«l  orguus  the  lidge  becomes  lees  conspicuoas,  and 
uliimately  di)>appearB. 

[■loch  enamel  organ  is  flaHk-shsped,  coaBietiag  of  a  terminal 
entar^tKl  portion,  buried  deeply  in  the  jaw,  and  n  narrow  neck 
or  stalk  which  eoniiecta  the  colaj^fed  pat  with  the  surfiice 
epithelium  of  the  jaw.  Opposite  each  enamel  oi^n  the  oon- 
nectivo  tigsae  of  the  jnw  becomes  more  compactly  arranged  to 
^^Ubmi  the  dental  papilla  (rf.  Fig.  156,  tm).  Ilie  dental  pnpilln 
^^^lOOa  becomoit  moulded  iula  the  idiapc  of  the  futuro  tooth,  and 
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At  it6  firet  fontmtioa  (Kig.  2^7}  tLe  pLaryux  is  of  appniu- 
tnatelj'  imifonn  width  along  its  whole  length  ;  l>iit  at  jui  nrlv 
stage  the  anterior  part  widens  v<>ry  greatly  aad  tli«  whiAt 
plmryiix  becomee  funnel-^upiiil,  with  the  apex  directed  latk- 
wanlfi  (Figs.  288  inti  23D). 

Th^  condition  of  the  pharynx  on  the  fifteenth  day  i»  shown 
ill  honzoutal  eectiop  in  Fig.  237,  which  phonld  be  compwrJ 

with  Figs.   107  and  232 
IMl  ^s.  y^A^— - — '*'        which  reprp3j4*nt  the 

embn'o  in  Korfkce  vif>ir. 
and  in  sagittal  sectiuo. 
Tlif  vi»crral  arches  aiv 
BBL'u  to  fonn  prontiiient 
ridges  projecting  into  llw 
.  n^  phni^-nx,  and  iii-j>«rmtrd 
from  Ofu  Another  hj 
grooves,  the  Tuoeral 
poudiM.  Of  the  listf  ml 
nrchcfi,  the  uiaudibaUr, 
MN,  aud  hyoideau,  HT.  ire 
well  developed ;  and  I*- 
htiid  UiKRe  the  first  uid 
second  brandital  ardiWi 
nit'  nnd  hr',  iire  recQgni^ 
able,  though  le^  de«rly 
defined. 

The  hjouiniidibuliir  aud  first  branchial  poudies  ars  well 
fonned  ;  nnd  correspoiiding  to  them  on  the  outer  Hur&ce  of  the 
phnryiix  iiro  wt'U-miirked  i-xtcninl  viseeril  grooves,  clearly  seen 
in  aiirface  views  of  the  finbryo  (Fig.  M)7,  MM,  iic')-  The  com>- 
»j)o[idiiig  viacenil  pouches  and  grooree,  on  the  inner  and  oolrr 
aurfaces  of  the  pharynx  respectively,  do  not  quite  nin-t,  but  ok 
ttepamted  by  thin  membraiioDit  pnrtitions,  of  which  the  mod 
anterior  one,  TS,  between  the  mandibnlar  and  hyoidean  arrhes, 
becomes  ultimately  the  tympanic  mcnibmiie. 

Further  back,  thor*  am  Icsa  etrougly  marked  SLTond  baa- 
chial,  and  third  branchial  pouches  or  grooTce  on  the  iouer  snrfiee 
cf  tbti  phaiyiix,  nith  slight  iiidic»tion«  of  corresponding  viactnl 
grooves  on  the  enter  surface. 

Towards  the  end  of  the  third  week,  mid  in  the  early  pan  of 


KlO.  537. — The  door  nf   llic   phntrn*  of  n 
llnuuin   Emiirvo   liflflcD  <Jiiv*  oW,  trva 
f    from  aba\i}.    '((y.ms».  W  imd  232.) 
~  :  t?^iu  HiB.)     *  60. 

A),  trti  manir  orrti.  In  llwi  iDtiKllbiiUi 
Mi4i  AV^""""'  anrtie  ireli.  In  tbr  liyriiil 
NToli.  BBI,  llrat  ItnnchloJ  uKb.  BBS. 
flccond  Imncblal   tich.     O.  Iwlf  niTity.  or 

lyftAi  wii.    HSr.  iMiiilltubi  t-nh.    TU, 


THE  TEKTB.  "^^^  C6I 

On  (lie  first  app*arftoce  of  llip  Lony  jaws,  tlie  t«*t.h  lie  in 
continnoiiB  groown  ext«ntliTig  nil  mund  their  free  bonlfrs. 
Partitions  an-  soon  fuiiutHl,  dtviiliit^  thL-su  gmtn-vx  into  itepamto 
compnitmi^iitit  or  alv^oU,  wliich  grow  round  the  teeth  »o  as  to 
doaely  embmce  ihvm. 

The  order  or  appearwico  of  the  milk  twth  takes  plnco  in 
Tagolar  aequonco;  but  thu  ncliml  <lut<-M  nt  wbli^h  the  several 
tuA  euurge,  or  arf  '  cut,'  vary  witliiti  cortaio  tinuts.  'ni<> 
catting  of  the  milk  teetli  usually  coininenc«8  about  seven  monthx 
after  birth,  and  is  compU-t^-d  br  the  ond  of  the  «ccoad  year. 
'Ilii.'^  n-ntml  lowi^r  incisors  ii]i{iciur  first,  about  tliefte\'enth  moiitli ; 
tlie  tipper  incisurB  two  or  thn«  months  later ;  a  few  months  lat*r 
Btill  rhe  lower  l&teral  iticiBor?,  and  the  first  preinolarti ;  four  or 
Gvt>  months  later  tlio  canin««  ;  and  about  tho  end  of  tlie  Mcond 
Tear,  the  second  premolars. 

Thu  pcnniiiicnt  Ut-lh  nro  deii-rlojied  in  thti  same  mauner  as 
■  the  milk  teetJi.  Fr<nn  the  »talk  or  neck  of  the  enamel  organ  at 
each  milk  tooth,  a  email  oatgrowth  arisi-A  at  a  very  carl;  «tage, 
abont  the  Htxtoeiilli  week,  nhicli  b(>com<«  the  enamel  organ  of 
tJiv  convapouding  permunont  tooth.  A  dental  papilla  is  fomied 
opposite  each  enamel  or^^n,  and  the  ]>eraianent  tooth  aru  formcil 
in  the  jnw.a  littlo  way  behind  and  belon-the  oorroflpoiiding  milk 
teeth,  and  in  precieely  similar  fashion. 

The  three  binder  grinding,  or  molar  teeth,  which  have  no 
milk  proileco.**ors,  an-  formed  by  est«nf>ioQ  backwnrda  of  th« 
original  eommon  enamel  genn,  IHim  which  the  milk  tenth  are 
developed.  The  ennmcl  nrgikn  for  tlio  firsrt.  ponmment  mular 
appt^ars  fibout  the  fifteenth  wpek  of  embryonic  life ;  that  for 
tlw  second  pemianent  molar  about  wren  monthH  afUr  birth ; 
and  that  for  tho  tliinl  pcrmaneDt  mc4iir,  or  '  wisdom  loolb,*  not 
until  tlie  tliird  year. 

'IV  emption,  or  cutting,  of  the  pemianent  t*«?th  of  the  lower 
jaw  take»  place  at  rhe  following  dates,  the  teeth  of  the  upper 
jaw  usunlly  appoaring  a  little  Inter : — 

Xolan^  tm II  jrean. 
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urganK,  and  mon-  especially  the  tact,  tbat  in  it,  u  in  the  anterior 
iirclies,  iin  (lortic  arcli.  or  bntnch  q(  the  trnncas  arteriosoe,  a\  i* 
prosemt,  eLon-  tliftt  llic  ridgo  in  qneatjon,  UK*,  ii  raJly  n  tbtri 
branchial  nrcb. 

Ill  Fif^.  2S$  it  is  iM*eii  tliul  the  aeooud  branchia]  arcWk 
Bit*,  not  only  lie  nearer  tlio  ini<l<llo  linu  ttian  thv  Rret  bmoduA) 
lurches,  br',  but  nre  alwt  in  part  overlnpjied  by  thtwe.  Doriof 
the  latter  pari  of  the  fourtb  we«k,  this  weriiippiiig  Iwcodm 
tnucli  inure  marked,  th«  posterior  risceral  nrcbt-s  shitling  for- 
wartiii,  and  being  tclrsroped  vrirhiti  the  arches  in  front  of  them. 

ill  Fi^'.  2S9  the  condition  ut  tht^  end  of  the  fonrtb  ^ittk 
IK  shown,  at  which  time  the   Brst  hrancbial  arcbea  have  ojd*- 


Pio.  SS9.~Tlio  i\cnt  of  the  phnrTiuc  ^f  n  flnmnn  Kinl)t;o  twtMy-^flil  Aft 
old,  "!«i  from  nbovc.     C/.  IHg.  SIC  wlijcb  reprcsenU  th* 
(Prom  ilis.)      >  SO. 


A.S.tlilnl'uiTiii-an'li.tiiUitflncljnnciIitnliUTtv.  Aw4>tBBn)ia«tir»(|L|nlt*i 
ijniiit'Iilil  wi'ii.  A.0.  nniMrKriir  uiOi.in  iti"i>iii-lKf»fKM*li>r<i<,  BBJJMttMAM 
luvh.  OILS,  ■•miiil  bixuilj*)  uvfc.  EB-  '"""^'M'nA—lPit M» tiinmMJBii^B rtit 
vljiirlt  ann*i^u^]*  Uv^jEun  thr  tyanmiii''  iiimtlj^^iia  PK.  tm*^mt  'Vitfwft  SCT* 
hytii  Tub.  _MK.  uiMiilUwUf  »rvh.  BC  aiuut  ■■WMnidalU.  TB.  owtMo  itfvM 
mlltfW.  Ttr.  intwnolam  tmrar  V.3.  ounnlknJar  Ubim-V  i-r  (H«ni.fa>>)  ^>k 
Vn. ''rt^**')  l>r>Rnti  or  hUUJ  iismi  IX.  fiimn^imyKfrnii  mint,  X.  In  wi I*' 
timn«tiD  nt  inmnnnalfle  iren'*. 

plet«ly  overlapped  the   second  bmnchinl   nrch(«,  uit*.  so  m  lo 
conct^l  thera  in  aiirfarv  viirvra  of  the  pmbiyo. 

Doting  the  fifth  week  tJie  tiri<t  bmncbinl  arches  an  in  thi'ir 
torn  overlapped  and  concealed  by  fbe  hyoid  a^!1l(^*  (Vie.  -1"!. 
an  Ihal  ill  .turTaiw  viows  ot'onilirj'os  of  thi»  agi-  noneof  theaMrltr- 
behind  the  hyoid  can  be  Men  (r/.  Fig.  206). 
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cartilages  of  tbi^  secotid  bi-Hncbul  orchee,  though  KolUker  boUcrcs 
it  to  arise  iudepentlentljr. 

The  lunga,  m  tlioy  grow  buckwnniei,  projwit  into  the  iJoraa] 
part  of  the  Ixxly  cavity,  pushing  before  them  the  perttoneo) 
lining  of  th«  cavity,  which  forms  their  pleural  covering.  At  « 
later  stage,  the  portions  of  the  Ijody  cavity  into  which  the  lungs 
hang  are  shnt  off,  by  th<*  diaphfogm  and  pericnrditim,  froiu  the 
(v&t  or  the  cavity,  and  become  the  deBoite  pleural  sacs. 

10.  The  liver. 

The  livLT  is  preaeot  on  the  fiftwnth  day  (Fig.  232,  w)  ah 
n  short.,  hollow  diverticalam.  with  a  compact  maas  of  cells  at 
its  blind  end.  arising  from  tliv  ventral  wall  of  tho  fort>-gut  and 
the  anterior  wall  of  the  yolk-stnlk,  immediately  behind  the  henrt. 

By  Iho  t-nd  of  tho  third  wut'^k  (Fig.  216,  w>  the  liver  in  of 
larger  siao,  and  the  l>il<^(luct,  or  wide  tubular  passnge  connecting 
tho  liver  with  the  gut,  is  longer  than  b(>fore,  hut  otherwise  the 
relations  are  much  tJie  samv  aa  in  the  earlier  stage. 

Oaring  tho  fourth  week  thw  livi^r  enlargiv  wn,-  rapidly 
([''^gs.  2 1  fj,  243,  w).  It  consists  of  a  close  network  of  nttaetomos- 
ing  epithelial  cylinders,  the  development  of  which  has  not  been 
followed  accurately :  the  meshes  of  the  network  are  chiefly  occu- 
pied by  b1ood-W3«)wU,  which  an.'^  pretwat  in  Inrgv  numbers,  and  of 
l^reat  siie.  The  development  and  relations  oftlieRe  blood- vceacls 
of  thr  liver  will  be  described  in  the  next  section  of  this  chapter. 

Tho  rapid  gmwth  of  the  livi-rcontinaes  during  the  Bucoeeding 
weeks.  In  the  i«ecnnd  half  of  gextation  it  is  rathor  lees  marked 
in  proportion  to  the  otiii-r  viscera,  but.  oven  at  the  end  of  preg- 
nancy the  weight  of  tluf  liver  iti  lo  thnt  of  the  whole  embryo  as  1 
to  1 8,  while  in  tho  adnlt  tt  ia  only  1  to  S6.  Aftor  birth  the  liviir 
dimioishM  rapidIy,lK>th  in  size  and  weight,  owing  to  tbecutibg 
off  of  tli«  bloud  !>iij)[>ly  prvvioufily  brought  to  it  by  the  allantoic 
veiiu. 

The  biWduet  rapidly  lengthens  during  the  fourth  week  ; 
nnd  the  goll-bladdf^r  appt-an),  an  a  diverticulum  of  the  btlt^-dact, 
before  the  end  of  thu  fiOli  week  (Fig.  23ti,  y.h). 

The  large  8i7.«  of  the  liv«r  during  almost  the  whol«>  period  of 
geBtation. nnd  its  abundant  vaacularaupply,  iudinitc  tliai  it  most 
Iw  of  great  physiolt^cal  iroportancv.  It  probably  aorvea  to 
modify  in  aomu  way  tho  nutrient  material  brought  from  tlie 
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placenta  by  tlio  ullaiitoic  veins  :  nnd  it  almoRt  certflinly  arts  u 
au  important  i-xcrutory  organ  during  embryonic  and  (rctai  life. 

'Hie  bi-own,  or  greeniBh-brovrn,  tnass  known  as  meconium. 
wIiicK  occurs  in  the  smnll  iiitoetine  from  th«  third  to  lIic  fifth 
muuLli,  and  lower  down,  in  tlie  large  inte&tine  and  rectnm.  durin? 
tlie  lat'or  months  of  priTgnancr,  contains  bile  in  <X)n»drnU«> 
quFtntity.  iitt  well  a»  mucus,  and  e|iib}k«lial  and  other  dihtit. 

1 1 .  The  Fancreai. 
Tliu  pftucreasiirici-s,  t-owards  tbvcloae  oftho  roaith  we«k,«Sft 

dorsally  directed  diverticulum  from  tlic  duodr-num,  almo«t  oppn- 
«it(»lIieopenin(f  oftlie  bile-duet  (Filtb.  233  and  234.  P),aDd  lyinp 
in  the  thickm^sti  of  tbc  uitwptitcr)'  which  attachen  the  doodejiuoi 
to  thii  dorsal  body-wall.  Tlie  pniicrea»  grows  rapidly,  giving  off 
lobiid  ofCilHK^ts,  from  which  tliL<  acini  and  tlwir  duets  ikrp  forned. 
'Die  original  divertriculHTn  from  the  duudeuum  peniiatA  as  tJic 
paiiCTuaiic  duel ;  it  at  first  op»as  a  little  distatKM  from  the 
hile-duct,  but  ultimately  the  two  dncts  lio  clo<w>  alongside  each 
other,  and  open  into  the  daodenum  by  a  single  orilic«. 

12.  The  Mesentery. 

The  metstnit^ry  is  th«  tliin  vertical  itbeot  ofanolllftst  which 
slings  the  stomach  und  intestine  to  I  Iiv  body-wall.  TheTelationioT 
the  mesentery  are  at  6rst  extrt^mely  mmple,  but  as  the  intesliiK 
lengthens,  and  ospecially  w  it  bceomcK  thrown  into  convolulioftt. 
they  become  greatly  complicated.  The  atLichmeiitof  thedorvl 
border  of  the  meeentery  to  the  body-wall  remnin^t  compantively 
unmodified  throughont  life,  though  at  certain  places  oblitfuw  or 
tranHvenu  line>t  of  attachment  am  acquired  in  odditiOD  to,  or  tn 
place  of,  the  originnl  simple  loii^itadiual  atlaolunenC. 

The  part  of  the  mcHrntcry  which  attaches  the  stomach  to  (he- 
hody-wall,  commonly  spoken  of  as  the  meeogoeter,  undM^o«s 
special  moditiciitiou.  The  Ktumach  originally  Uos  lengthwayt 
along  the  body  (Fig.  233,  Jfy,  and  2-13),  the  inemgasterlwingat- 
tacheid  along  the  border  which  will  afterwards  bMnmA  the  grealw 
curvaturo  of  tho  stomach,  .ind  the  pancreas  (I'ig.  233,  P)  lyinp 
in  tlie  thickuesa  of  tlie  me«ogni«ter  near  it»  posterior  limil- 
Whc'ii  the  stomach  shifte  its  position,  and  become*  placed  tiana- 
v«T»r!y  ncrn.sa  tJic  body  (Fig.  236),  its  original  left  side  beoames 
ventral,  and  its  right  side  dorsal ;  while  th«  mfoofiaater  iviaains 
altachod  olong  what  ia  now  tbc  posterior  bonier  of  the  stomadi- 
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TUiepart  of  the  meaogastor,  along  llie  posterior  Imrtifr,  or  greater 
ciin-ftture  of  tlip  stomach,  bpcniiio-s produced  ioto  a  double  fold  or 
sac,  the  gTvat  oinontuni,  whicli  liniigs  down,  like  a  curtain,  over 
thp  ooileil  mass  nf  tlie  intwitinp,  cloae  to  tlie  ventral  wall  of  the 
nIxloiiicQ. 

Sbortly  after  birth,  the  two  laj^ersof  the  oinent«t  eoc  coalesce, 
Ao  tiiat  the  omeutum  becomes  a  single  membraiioas  lajer,  lo 
which  fal  early  touds  to  ticciimulat«. 

'i'he  ilorsnl  part  of  thi!  mraogaatex,  which  is  att-nched  lo  the 
dorml  body-wnll,  luid  in  the  thiolcnvas  of  which  the  pancn-oa  is 
oonfnincd,  cornea  into  close  contact  with  the  layer  of  mespoteiy 
8uBpfudiiig  the  transverse  colou.  and  ultimately  fuses  completely 
with  this ;  a  chatige  which  causes  the  pancreas  to  appear  to  lie 
altogi-lher  dorsal  to  the  meseiiten,*,  inetood  of  in  it«  «ub«taiice. 


THE  DEVELOPMENT  OF  THE 
SYSTEM. 


CJRCULATORY 


The  general  histon-  of  tJie  dewlopinent  of  the  blood-vesselB 
in  man,  their  ivIatioDS  at  the  dltFere- nt  periods  of  einhiyonic  and 
of  foetal  life,  anil  the  changes  by  whiclt  at  tlii>  time  of  birth  the 
adalt  circalation  iH  cstablinhcd,  am  cioncty  i^imilar  to  those 
already  described  in  the  rabbit.  Certain  ilifTiArencea  have  been 
noticed  in  the  niode  of  fonnaljou  of  the  valves  of  the  heart,  and 
in  the  development  of  the  great  veins,  more  es]iecially  of  those 
in  n-lallrin  wiih  ilie  livrrj  lli..-*?  or*",  however,  of  comjiBrntively 
Mnall  iniportARce,  and  are  possibly,  in  some  cafiefi,  due  to  the 
difficulty  of  obtaining  hiinian  embryos  in  wtisfoctory  liisto* 
logical  condition,  and  of  tlic  particulor  oge  desired. 

lu  the  fulliiwing  ncoionut,  which  ia  baBed  mainly  on  tlie 
desL-ripLioiis  of  iYofessor  His.  ilie  developinont  of  th^  heart  will 
l>e  dealt  with  lirrt,  tlien  that  of  the  urterics  and  the  veins,  and 
finally  a  brief  descriplioti  will  be  given  of  the  course  of  the  cir- 
miction  in  the  einbr\'o  and  foctiix,  imd  of  the  chnngea  vbich 
Momr  at  birtli. 


I .  DcTelopiaeat  of  the  Heart 

Qeoeral  Accoimt.  The  early  ftA'^es  iu  the  develojmient  of  the 
heart  in  tbe>  iiunian  embryo  are  known  very  imperfectly,  and 
only  M  regards  the  external  fonu  of  tlic  orgiku. 
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In  tlio  younge^  human  embryos,  as  m  tbe  coiTespnuiL*it|i; 
st&gvK  of  tlie  rabbit,  the  beart  consist*  of  two  aymmt-trical  ami 
perfHcUy  distinct  halves.  On  the  thirteenth  day  (Fig.  1711.  R) 
tbt;  heart  is  pivDcnt  tut  n  pulr  of  straight  tuben  lying  aloog  th» 
sides  of  the  anterior  cui  of  the  embryOj  between  tbe  noural-j 
fold.i  &iid  tbe  volk-sAc,  and  iu  coiinccl.ion  at  tht^ir  hiiider  rads 
with  the  ve«eel8  which  return  the  blood  from  the  yoIk-8»c. 

At  a  slightly  Intt-r  stngi;  (Fig.  18.>,  it),  th)-  two  h»Iv«^  of  t!if- 
heart  have  nnited  to  form  a  single  tabe,  which  'm  already  twiai<^ 
on  it»elf. 

By  the  6ft«enth  day  (Fipa.  197  and  '232),  tbe  heart  has 
advanced  coni^idenibly  in  de\Tiopiiieiit,  imd  forms  a  promiiu^it 
swelling  ou  the  under  surface  of  the  embryo,  between  the  bead 
and  the  yolk:-s»c.  It  is  a  single  tube,  of  considerable  size; 
attached,  both  in  frout  and  behind,  to  (he  Hoor  of  tbe  forogut, 
but  fi'ee  aloBg  the  middle  portinn  of  its  length,  which  is  twisltHJ 
into  n  prominent  S-slwi]K-d  loop,  'Die  dorsal  and  i)09terii>r  eini 
uf  the  loop  is  the  auriculnr  portion  of  tbe  heart ;  and  ie  »eparaIod 
bya  Blight  constriction,  the  caonlie  anricitlaria,  from  the  sooered- 
ing  or  ventricular  portion  (Fig.  232,  Rv).  This  farms  lh»i  widrtft 
and  most,  priiiiiltictit  pari  of  tlio  loop ;  tt  runs  alttio<it  tmnsviTwIr 
across  the  Ixnly  from  the  left,  to  the  right  side,  und  then  torD* 
forwards  rather  sharply,  and  passes  into  the  truncus  arterioKU, 
BT,  or  tvnniiial  limb  of  the  loop.  The  anterior  end  of  the 
truncuR  artei-insuH  (Fig.  232)  ii*  attached  to  the  floor  of  the 
fore-gut,  very  far  furwardB,  opposite  the  niandibuhtr  arohea. 

The  wall  of  the  heart  (Fig.  232)  is  doublr  along  its  mtirv 
hrngth,  condstiDg  of  nn  outt^irmvaoblastic  t-ube,  in  which  moscti^ 
cells  are  already  present  on  the  Kfteenth  day,  and  an  iaaet 
endothelial  tubL-,  the  origin  of  which  has  uot  been  determiocd. 
Tlie  endothelial  tnbe  ia  very  much  smaller  than  the  muscalo.' 
tub«>,  and  till'  MpncK  h«twe<.-n  thl^  two  is  occupied  hy  ngohttinouii 
substance  traversed  by  tine  radial  librea,  apparently  oT  tbe 
nature  of  connective  tictsuo  (t/.  Fig.  ili>). 

During  tbe  third  week  the  heart  coutinnca  to  increase  rapidly 
in  size,  nud  its  sevcnil  diviatons  become  more  clearly  marked  off 
from  one  anothi-r  by  constrictions.  By  the  cml  of  the  tiiird 
week  it  has  reached  the  condition  sliown  in  Figs.  198  and  i\h. 
The  nunculnr  portion  (Fig.  198,  RA)  is  much  larger  llian  IwforA; 
it  is  very  wide  fiiim  side  to  side,  and  is  produced  into  coaspicaoua 
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than  beforf-,  opposite  tht>  hyoidran  nnd  Grtt  liriDchial  aroIus^_ 
(Fig.  '2l->).  llieglTuctiireof  tholtenrt  is  the  same  ftsiutlieeariit^^l 
atagM,  except  that  Uie  muscular  elements  have  iitcre«sed  oonaideT- 
ah\y.  The  wide  eimco  between  t  he  inusoiilar  nntl  the  endothelul 
vails  is  well  shown  in  Fig.  2 1  u,  ns  Ja  olsn  the  (iLroae  u'twifrli 
connocling  the  two  wallst. 

In  doBcribing  the  further  deri'Iopineiit  oftiie  heart  it  wiQ  b» 
couveuient  tf>  takr  thr  sovpml  diWsions  one  hj  one. 

The  sinus  vwoitis.  The  blood  is  retumixl  to  tiie  heart  Iv 
three  umiii  veins  on  each  side: — the  Cuviemn  vein  {Hg.  245, 
VD),  from  the  body  of  tho  cinhryo;  Iho  vilfflliin'  win,  frwa  tho 
yolk-sni-;  and  the  nllntitoic  V4>iii,  from  the  placenta.  Thne  thrM- 
liairs  tif  votiis  form  by  thoir  union  a  single  large  waeeJ.  I  he 
sinus  Tonosus,  which  lunB  tnuiHv<>rAely  ucrosi  tJie  body,  imxue- 
dtalc^Iy  in  frunt  of  tlu^  Hvpr,  ami  npcnis  ihrougli  u  median  sppr- 
tiire  int'O  the  auncuUr  portion  of  the  heart. 

The  isiniis  veiionus  is  at  lirst  situated  behind  the  diaphragm, 
but  during  tht-  fourth  week  it  gradiially  exu.'n<ls  over,  and  in 
front  of  thifi,  and  so  comes  to  lie  in  the  pericardiid  cavity,  imnie- 
dialely  behind  the  auricle  (Fig.  243). 

Towards  the  eod  of  tlie  tburth  week  the  sinus  TeoosBB 
l>ecomes  jtlacwl  eomewliat  obliqnely,  in  place  of  transvemely, 
ncros«  the  body  ;  nt  tlie  sntne  time  its  right  side  iMyxunea  larger 
than  the  lef>,  and  the  o|^':ning  into  the  niirtcidnr  raWty,  whidi  WM 
at  first  inodiiiii,  tJiiffj*  so  na  to  Ifnd  diiitiiictly  into  the  right  sido 
of  tho  Auricle  (Fig.  244,  KB).  During  tlie  fifth  we«lc,  the  opttf 
ing  fnim  the  sinus  venoitiiK  into  tJie  auricle  wiflens  out  very  «m- 
sidond)ly,  i»j  thut  the  ttinua  becuraea  part  of  the  anrirle  itfirU, 
and  ceaKes  to  exitit  as  a  separate  cavt^.  Tlie  left  horn  of  tW 
siniin  venosus,  which  now  only  reci'ives  the  lell  Cuvteriao  rein, 
retains  it«  iadepeDdcDcc  more  roinpleCely,  nad  persists  an  the 
coronary  sinus. 

The  aoriclet,  The  anricnlar  chamber  is  at.  fir^  Mngto,  biit 
towards  thvvnd  of  the  fourth  wiH-kit  becomes  imiurfectly  divided 
ititj)  the  right  and  left  aurirli'A  (Fig.  H\).  'llie  divisioa  is 
indicated  exI«mBlly  b>'  a  ttlight  coifttrictjou,  and  more  markedly 
by  the  outgrowth  of  ttie  auricular  ii])pendices,  which  TOr>'  eoHy 
.   ahow  cTiamcteristic  oronntions  along  their  ninrgius. 
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Seen  from  witliJil,  lite  niirlculnr  portion  of  the  bettiiluu,  nt 
tlie  pnd  of  the  fourth  wpcl:,  the  nppenrance  shown  in  Fijf.  24-1. 
Oppoate  the  external  coastridiun,  n  foIi1,8K,  theaeptom  npehiu, 
projects  into  the  cavitr  from  Its  anterior  end  and  Tentrnl  wall,  niid 
reduces  the  coimnunicatioi]  between  the  two  nurirliea  to  a  ratlier 
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4. — nt  donki   t-nlf  of  thr  b*«rt  of  u  Ilniiiaii  Knifcrro.  tirtinl^ -eight 

•  old,  VMBfiain  within.    'Thr  Imrl  Iibi  h(^«ll bu«cled lciigtl)»B;a, m»1 

ihe  ivntrnl  hnlf  rrmoTpil.     iFri'iu  11I>,1      wSJ. 

UA.  llirlit  wirt(4c.     BS>  li^'  oniUIn     BT.  ■"rimdrvrmtrtcnlu'  «Mn»l«> 
MM**  MirlrntBtla.     ftS.   i>|>li>lu(    •4    •< ■■■hmii    Htlu    r1(U  »rM*.     RT. 

ttl  ciivular  «p<>rture,  ii«iuer  the  dorsal  tlian  the  ventral 
•drfiice. 

The  conspicuous  projection  into  the  dorsal  part,  of  the  right 
aiirJch',  efaowB  in  thv  (igtin-,  is  caii^i'd  by  the  sione  vcnoeua. 
The  aperture  froRi  the  mdum  vrno»ti!t  tiilo  the  anricln  is  nn 
obliquely  placed  Hlit,  Ks,  of  which  llie  outer  lip  ui  thickened,  and 
fortii^  tJie  Eui^achian  valve,  vc  ;  while  the  opposite,  or  jiiuer  lip, 
is  a  tluQ  folJ,  nhich  at  ihe  lower  end  of  the  nUt  passes  into  & 
tms^lar  thiclEoiiinf^  of  conncctifQ  tiime,  iho  ipiiu  Ttl 
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BZ,  projvctiug  into,  and  purtmlly  Llocking  up,  tliC  Aperturv  be- 
tween tlie  right  and  lell  aiinoleit.  Tliis  »piiia  VMittbnIi,  acconl- 
iiig  to  Professop  His,  plavfi  an  important  part,  in  the  formati™ 
of  both  the  interauricttlar  nnrl  interventricular  si>pra. 

An  oddittoQnl  fold,  tliL^  Mptuin  Bpnritua,  su,  projects  into  llie 
cavity  of  the  right  anncle,  op[K>»it4>  lli«  up[)er  eml  of  tlio  slit-lik* 
opening  of  the  sinim  vt'UuHus;  il  ia  a  trsiisi«ut  structniv,  sod 
ultdmatoly  disappears  completely. 

or  the  two  auric!(;K,  th<;  right  one,  Ra,  is  «!.  Hrat  {Pig-  Hi) 
much  tli9  larger.  The  walls  of  the  auricleR,  liko  Iho  reei  of  llw 
l»eart(,  consist  of  two  layt-rs,  muscular  and  entlothi-linl ;  thrto 
are  at  first  some  diatauce  apart,  but  about  the  twenty-third  day 
they  como  in  contact,  and  iinito  firmly  to  form  rho  ilt>finil« 
aui'icalur  wall.  Tho  connL-ctix-otie^^uu  clometils  of  ihn  wall  nrv 
tlerivet]  apparently  from  lh<t  gelatinous  matter  wliicb  origiD&lly 
separates  the  inti«culnr  and  endothelial  wolU  iVom  each  other. 

The  interatuicular  septuin  is  foi-iued,  according  to  Hi»,  by 
coak'sccncc  of  tht'  septum  superius  (Fig.  -i4,  8K)  with  the  spina 
viTstibuIi,  sz ;  tho  intt-er  growing  downwanls  towards  tho  rai- 
Iricle  as  a  thickened  plug,  which  befoiw  the  end  of  the  Mh 
week  dirides  the  originally  8m>rlii  auriculo-veiitrioular  apecttiR 
into  separate  right  and  left  openings. 

It  is  not  qiiito  cleArwhetbt>r  thd  foramen  orslo  in  tba  btunva 
embryo  in  merely  due  to  the  interauricutar  spptnm  tTiitaiiinif 
incomplete  dorsally;  or  whether  it  is  a  new  apei-tmv  fonneO  in 
the  dor&al  ptti-t  of  the  septunij  as  deficribed  1^  Bom  in  tb«  owe 
of  Iho  rabbit. 

Tho  oanalii  aoriculuia,  at  tJie  Ixtginning  of  tlie  fourtli  wit^k 
(Pig.  ii'-i),  i»  ft  «hoH ,  pi  ruigbt,  and  rather  narrow  tulxii,  conoen- 
ing  the  auricular  and  ventricular  portions  of  the  heart.  In  tic 
latter  part  of  the  fbtirtb  week  thiti  |)ortioii  of  the  heart  sfaortea^ 
Komowhat,  the  nuricuW  and  ventriculnr  portions  approach  ewh 
other,  and  the  canalis  auricularis  Iwcomes  teIe:«coped  withia 
them  (Fig.  244,  KK),  projecting  partly  into  tke  auricular  and 
partly  into  the  ventricular  cavity,  an<J  being  no  longer  Yisible 
from  thu  surface  except  ns  it  ehiii-ply  marked  anaulnr  coustrio 
tion. 

The  lumen  of  Ihr  caQiilii<  BoriculariB  becomes  af  the  sane 
time  reduced  to  u  luirrow  transverse  slit,  ii8  dorsal  and  rentnl 
walla  thickening  to  form  a  pair  of  endothelial  coabioust,  vfaidi 
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(use  with  the  lower  border  of  llio  spinit  vt-stibull  to  complete 
the  intcrnuricnlar  septum,  »nd  from  which  also  the  nnrictilo* 
veDtricnkr  volvw  arc  derived. 

The  VAntrielei.  Tbo  Tentrieulftr  ^avit^  bocom^s  pavtiAlI}* 
diTided  luwiirds  the  close  of  the  fourth  week  by  n  fold,  tht* 
aeptom  iofcrias  (Pig-  244,  SD),  which  aristj^  from  itn  dorsal  and 
posterior  wiill,  aui]  thtt  jKi^itioii  t}f  which  is  indicated  cxlcriialtv 
by  a  Hlighl  groovo  ou  the  anrfaw'  of  the  bt^art.  ITie  completion 
of  the  iDton-entricular  Beptaiii  ia  a  HoniowLat  coitiplicat«c]  jiro- 
ceea,  aad  will  bo  described  after  the  truncus  arteriosus  has  been 
dtalt  with. 

The  ventricular  wall  consistA  at  first  of  nn  outer  muiicalar 
tube,  and  an  inner  and  much  itniAller  endothelial  tube,  the  two 
tabes  Iwing  separated  by  a  coasidt-rabla  (|uaiitity  of  gelatinous 
connective  tissue  fc/.  Fig.  215).  Tho  tiiiclteningof  the  ventricular 
wall  is  irflccted,  in  the  lirst.  instjince,  bj  the  oatgrowbh  of  bandii 
from  the  inuAcular  iiilxi  itiro  the  gvIutiuouA  tissue  :  ihce  Imnds 
interlace  and  iinit<>  nitb  one  another  to  form  a  spongework 
of  muscular  trabecular.  The  gelatinous  tissue  now  beconieii 
gmitly  reduced  in  nmoiint,  so  that  theendotfaelial  and  mnscular 
walls  are  brought  much  closer  together,  and  thi^  eiidutbeliuiu 
beoomoa  moulded  to  the  surface  of  the  muscular  wall,  covering 
ibo  trabeculn?,  nud  liuintf  the  depressions  of  tho  Bpougework. 
The  wall  of  the  rentricle  iv  now  in  raudi  tlw  Hniiu<  condition  ait 
it  rumaius  iu  throughout  life  in  the  frog.  In  the  Int«r  Btoges  of 
doTelopmeat,  the  outer,  couipuct  muscular  wail  thickens  very 
oensidvrably,  and  the  spongen'orlc  becomes  lees  conspicuoos, 
forming  ultimately  the  columnffl>  camc4D, 

The  walls  of  the  two  vontriclcs  are  of  equal  thickncM  throngh- 
tMti  almost  the  whole  of  fcetal  life,  as  the  rej^i^itatice  lu  be  m-er- 
oome  by  the  two  i*  apiiroximatcly  equal  until  the  lime  of  birtli. 


The  tmncas  orteriMU.  lo  tlie  tnmcus  arteriosn*  the  most 
imptirtuat  chnuge  is  the  formation  of  the  aortic  Hrptum,  hy 
which  the  singto  tube  beooineit  dividrd  tnlu  two,  lying  Aide  by 
sid^,  which  become  the  aystemi''  «•"'  nultnotiarj'  trunks  n.*< 
0ptfctively;  or,  in  tliD  >  vnlu  and  the  |iul- 

mortftty  arteiy. 

Thin  diviftun  of  «ffi-<ti-d  liy  two 
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longiturlinnl  ridgc-likc  ttiickonings  of  the  endoUifJial  lining. 
which,  ariiiiii)^  from  opposit**  Hidfs,  encroadi  oil  th«  lamen,  rp- 
diiciag  it  to  o  elit^  dnmli-bell  Hhapcd  in  section;  by  fnrtLer 
gi'owih,  tlie  two  ridges  nu-t^t  vach  <>tlt<-r  and  fuse,  ao  as  to  di'ritU 
tlie  lum^ii  iuto  two  completely  separate  piusagoo. 

The  endothelial  ridges,  »ud  conaequeiitly  ttie  septum  itself, 
ttpiienrlirxtnt  tW  dii^talcnd  of  the  IruncusorteriODas,  bel^werathf 
origins  of  th«  »y»teiniu  and  piilmonorj-  norttc  arehoi.  aod  gradu- 
ally extend  buckwardK  towimls  the  veatricle.  The  lieptnin  first 
fippearti  towards  the  end  of  tlio  fourl'li  'week,  and  is  compleltd 
before-  the  end  of  the  fifth  wi-uk  ;  it  liaa  &  tJiglitly  apiral  txmmr. 
Ho  that  the  two  tubes,  into  which  it  divides  the  tranciLs  arti^rioai^ 
are  re&pectivety  dimul  and  ventrnl  nt  the  proximal  end,  mal  ro 
the  ventrich>,  and  right  itiid  left  ut  tlie  dista!  eod  of  the  iruncna. 

Of  the  two  tubes,  the  one  (Pig.  2+5,  BX)  which  lies  dowally 
»t  its  pmxiina.1  eml,  and  on  the  right  aidi'  distally,  in  tlie  bjj- 
Ipintc  trunk  ;  the  other,  HW,  wMch  it)  vi-ntml  pn.>.\inially, and  cci 
the  lefb  side  dlatMtly,  h  the  pulmonary  trunk;  and  the  sao9 
rehtioijg  are  retaiued  throughout  life  by  the  jwcendiiif;  norlA 
and  tlie  root  of  the  pulmoiiarj'  artery,  into  whicli  the  tnut)£a 
develop  re*]>ectivcly. 

The  separation  of  the  aytttemicniid  pubnonary  trnnbs  at  fiwt 
concerns  their  internal  iMiviliesuloue;  bnt  it  iA  soon  followed  by 
the  appearance  of  external  (froovee,  vfhich  deepen  until  tify 
completely  separnt*  tlie  two  trunks  from  each  other. 

The  iuterveatricular  Beptom.  Tlit!  trunciui  arteriosus  (irigi- 
Daily  arisea  froui  the  right-Land  corner  of  the  ventricular ca^itr. 
and  the  two  trunks  into  which  it  becomes  eplit  retain  for  » 
time  the  syime  relations,  In  other  words,  at  a  time  when  tbe 
intATvent riculor  septum  is  already  parlially  formed  (I'^ig.  21-1. 
tilt),  Ixjfh  the  i>y»tetnic  and  pulmonary  trunks  ariae  front  the 
right  ventricle,  and  the  letl  ventricle  ba»  for  a  time  no  outlet, 
except  througli  the  right  ii'entricle.  ^ 

The  completion   of  the    inlerveiitrieular  septum  tia«  to  bl^B 
effected  in  such  a  way  that  while  the  pulmooaty  trunk  is  left  hi™ 
connection  with  the  light  ventricle,  iJie  systeinic  tnink  shall  br 
cut  off  from  the  right  ventricle  and  placed  in  communicatioa 
with  the  lell  veutriclo. 

The  formation  of  the  interventricular  septum  is  consequently 
eoniewliat  complicat*^.     The   greater  part  of  the  ecptum  ui 
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gmfid  from  the  w>ptmn  hiforiiia  (Fig.  2H,  so),  bnt  it  is  com- 
pleted abore,  purtly  by  the  lower  edge  of  the  int^rauricnlar  s«>p- 
txaa,  and  parti)'  by  n  prolongation  of  ibo  lortic  Krptam,  whidi 
dividee  tlio  trancus  srtvriosus  into  Kyttemio  aud  putmooaiy 
irtinks. 

The  soKic  geptiim  grows  buck  beyond  the  truncus  arlonusus. 
so  as  to  project  a  ct-rtuin  distance  into  th«  Tentxicular  caviti,'; 
it  tlwm  taf'*  witli  tlio  free  l*iwt*r  •><lgH  of  tlie  inter»ni-toti)nr  «i^|i- 
tom,  in  sncJi  iv  way  ag  to  cut  off  tho  eyetemic  troiik  fmm  t^ 
right  ventricV,  and  to  place  it  in  communication  with  the  left 
ventricle  ;  wbik*  tiiinlly  ttivi^t^ptuin  iiircriimi-xttiiKUKoaM  to  meet 
atid  fuso  with  the  interauricular  septum,  and  bo  completes  tbu 
■eparation  of  the  ventricles  from  each  olher. 

Tho  TtlTM  of  th«  heart.  Th^*  outor  flops  oF  the  auriculo- 
wijtriculnr  valvt's.  both  mitral  and  tricuBpiil,  art"  formed  from 
the  lower  lips  of  tJi<;  canalis  auriculorli!,  which  lioog  down  into 
tlie  ventricular  cavity  (Kig>  244)  ;  the  inner  6ap«( of  thtt  valvesaro 
derived  from  tho  lower  edge  of  the  interanricutar  septtim.  '11)0 
valves  are  at  first  very  thick  and  Bufl,  and  only  later  become 
I  fain  and  membranouH. 

Tlie  SHiinlunnr  valves  ar<^  formed,  about  Ih*  end  of  the  fiflh 
wBek.ascudhion-like  thirk<^ningg  of  the  eudotheliuni,  which  noon 
become  hollowed  oat  into  pockct-s. 


2.  The  Arteries- 

Thf'  general  plan  of  arrangement  of  the  artcriea  in  tbe 
human  embryo  is  tin?  »imf  as  in  othi«r  Vertebratw*;  and  has 
already  been  dcjicribed,  in  previous  chapters,  in  the  caso  of  tbe 
rablnt,  tlie  chick,  and  the  fi-og. 

Prom  tho  anterior  wad  of  the  tnmcns  arterioAiia  a  series  of 
paira  ivf  aortic  arches  arise,  which  run  round  tbe  sides  of  tb>^ 
phar>ni3C,  lying  in  the  visceral  archen  (fig.  243).  On  retching 
the  doml  surface  of  the  pharynx,  the  aortic  arches  of  each  aide 
open  into  a  longitudinal  ve««el,  the  aorta.  The  two  aoria?  run 
backwards  along  the  body,  ventral  to  the  notochonl ;  tht-y  am 
at  fir^t  separate  along  their  whole  length,  but  early  fam  togetJier 
in  the  hinder  pari;  of  their  course  to  form  the  definite  ilorio!  aorta. 
Prom  tho  dorsal  aorta,  vit^-llino  arteries  are  given olT  to  theyolk- 
nc ;  and  at  the  posterior  end  of  the  cmbty- 
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into  the  two  large  allantoic  arteries,  which  carry  blood  rrom  lb« 
embryo  1o  lh«i  iiW'cnto. 

The  ftortio  aroh«B  of  m«n,  tm  of  other  Vertebrates,  are  de- 
Telopcd  ill  order  fraiu  before  hackwards. 

At  the  fiftwDth  day  (ngs.  197  nniJ  232)  there  are  twu  piin 
of  aortic  iu'plit'4  piv«r'nt,  Ij'in^  in  t)i«  mandibiilnr  ctnd  hvoidenn, 
orehes,  and  correHjiomling,  therefore,  to  the  most  antifuir 
pairs  in  rabbit,  chick,  or  frog  embryos.  By  tlie  sixtemth  ilay 
three  adi1iti»"nt  puire  liave  appeared,  in  th<.-  first,  second,  tinil 
third  brnndital  arches ;  and  np  to  the  end  of  the  third  veetk  all 
five  pairs  are  still  prt-seut  (Fig.  1&8,  A.i-A.i). 

Tlie  point  of  nttachmeDt  of  the  tmncQE  arteriosus  10  the 
floor  of  th<>  month  Ehifts  backwards  dnring  dcreloptneot^  m 
already  noiiced.  and  at  thaend  of  the  Ibird  wevk  is  opposite  the 
hyoideaai  and  first  branchial  arclius.  Tlie  truncus  arteriofns.  at 
this  stage,  imtnodiatoly  on  entering  the  floor  of  the  mouth,  divide* 
into  two  brntichM  on  each  side  (Kg.  198).  Of  these,  the  an- 
terior brunch  rims  forwai-da.  and  ibvidL-s  mto  the  inaitdiholar,  A,l, 
«nd  hyoidean,  a. a,  aortic  arcboB  ;  w-liile  the  posterior  brnncli  run* 
backwai-ds,  and  divides  into  thi^  throe  hinder  aortic  arches,  A.I. 

A.4,  A.^. 

1'lie  aortic  arches  diminLth  in  aize  from  Iwforc  backward 
(Fig.  198) ;  and,  owing  to  the  fnnnel-like  shape  of  thr  pharynx 
(tf.  Yig.  238),  the  hinder  arches  lie  m-nch  nearer  the  medisn  plsiie 
than  do  thosa  lurtlier  forward. 

All  five  paird  of  arches  are  complete,  opening  at  their  domi 
ends  into  the  aort«c  (Fii(.  198).  In  front  of  the  Gntt,  or  nmtli- 
bular  arch,  cath  aoita  i»  continued  fmrarda  as  ifae  iatcntal 
carotid  artery,  which  runs  itlonjr  the  side  of  thr  braiu,  aod  giw* 
off  branchoH  supplying  this. 

During  the  fourth  ireek  important  changes  occur  in  tbe 
aortic  arches,  closely  coinp»r»blu  with  lho«e  idnMuly  deecrtbed  ia 
other  Vertebrates,  and  leading  to  the  establishment  of  the  adult 
scheme  of  circulation. 

Early  in  the  fourlh  wcvk  (Fig.  243)  the  middle  portioo  vt 
the  lirHt,  or  mandibular,  aortic  arch  of  each  aide  become*  obli- 
terated, and  dixappt^arH;  and  very  aluirUy  afterwarda  the  ocu^ 
respoDtliog  portion  of  the  second,  or  hyoidean,  aortic  nth 
disappears  in  the  same  fndiicn. 

iiy  the  end  of  the  fourth  week  the  oonditioa  of  the  aortic 
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arcbes  is  ns  F^homi  in  Fig.  216.  Tbe  mandibotor  mod  hyaideaa 
aortic  arches  have  lost  their  coouection  with  tht*  aorte.  Their 
ventml  or  iirovimnl  ends  persist  as  tjit-  external  Piuotid  nrtoriw 
and  their  vurious  brauchea ;  tbe  iiiamiiijulur  nrcli,  acoonling  to 
His,  gi^'^K  "^  totW  extvmal  and  internal  moxillarr  iirt«ri««, 
ad  tbe  temporal  nrtciy;  while  from  the  Becond.  or  hyoidonn 

ti,  the  liiigual  and  usc«udJug  pharj-n^ttl  art«rii<8  ariai.%  and 
rbnp«  nlso  tbe  wcipitol  aod  posterior  aurlcalar  arteries. 

The  third  aortic  arcb,  A.S,  lit  llielintt  bmncbtnl  arch, rpmains 
complete.  Ak  BefD  from  tUi-  side  (Vig.  2IG),  it  is  wmevhst 
S-tdia|wd,  its  curvature  being  such  that  the  dii-ecliou  of  flow  of 
the  blood  in  it  is  untumliy  IVirwiiriU,  itloii^;  the  internal  carotid 
art«r7,  towards  the  head. 

The  fourth  ond  fiOh  uorttc  archee.  AA  and  A.&,  are  lioth 
ccmplete,  ojjeuin^  at  their  dorsal  ends  into  the  nortat.  From 
the  Bfti  arches,  near  th<-ir  ventral  onda,  the  pultoonary  ar1eric« 
aiise.  early  in  the  fourth  veok,  ak  small  branches  which  ruu 
backwards  to  the  liinir*  (Fig.  2Vi,  ap). 

Dtiriug  the  tifUi  week  further  changes  of  iin|)ortAnce  occur. 
The  diviaioa  of  the  truaeus  arteriosus,  by  formalion  of  the  aortic 
wpttim,  ia  completed,  and  tiw  systetoic  and  puliuonury  trunks 
are  now  entirely  independent  of  each  other ;  the  systeinic  tTtinlc 
(Figs.  345,  246,  nx)  remaining  in  connection  with  the  fourtli 
and  third  aortic  archut,  and  with  the  persisting  n>ninAiil«  of  tho 
Bcoond  ftud  first  archea  as  well ;  white  the  puliitoiinry  troak,  HW, 
communicates  with  tbe  6fUi  pair  of  aortic  arches  alone. 

The  portion  of  the  aorta  between  tho  doresl  ends  of  tbe 
third  and  foorth,  or,  as  wo  may  now  call  Ibem,  tbe  carotid  and 
systemic  arche«,  di^ppear^  (^6-  ^'^)' 

Tbe  third,  or  carotid  ardi,  becomes  more  directly  oontiniioua 
with  the  anterior  prolongation  of  the  oorUi,  the  two  votieli 
logvthor  forming  the  internal  carotid  artMy,  Al ;  while  tlw 
common  carotid  artery  (Figs.  245,  24GJ  ia  formed  by  ImigtU'u- 
ing  of  the  arch  at  its  origin  from  tiie  Hysteniic  trunk. 

Towai-ds  the  end  of  the  fifth  week  rlie  heart,  iraveb  rapidly 
backwards,  os  the  neck  elongatcM ;  this  cansea  great  longtliening 
of  the  commoQ  cnn>tid  artery  (Fig.  'MG,  ak),  and  Mtrnigfataning 
of  the  course  of  tbe  iulcrnul  carotid  artery.  It  furtber  loaB*, 
among  other  changes,  to  the  palUug  out  of  tbe  Ini^ngtiiil  briuicb 
of  the  pueamogastric  nerve,  to  funn  ita  recum-nt  loop. 
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the  lumbar  region  is  mors  thha  doable  tbat  in  tb«  antorior 
thoracic  region.  At  the  liin^er  end  of  the  bimbar  region  the 
■orta  diridee  into  tho  rigbl  and  left  lUoatolo  orteriet,  wbicli  run 
along  the  allantoic  atalk  to  the  placenta,  aud  which,  at  an^  rate 
in  tbe  early  gtnges,  nppour  as  dlitK't  coiitLniiations  of  the  oortA 
rather  tliun  aa  bmnchf!)  of  it. 

Tbe  proximal  ends,  or  roota,  of  tht.-  ttlbiiitoic  arteriea  persist 
throughout  life  as  the  common  iliac  arteries,  from  which  the 
extenml  iliac  arteries  arise  as  braucbea,  on  tbe  formation  of  the 
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FlCt.  !16.— Tlia  aortic  aioliM  tit  a  Uumnn  Kuibrvo  (Iiitty-Qvg  dajrs  old,  from 
the  left  ride.    (From  lll».)     *  30. 

A.4.  rourtb,  fit  «j*b<tnlo  MVtJfi  ^tvK  A.0i  nfEb.  or  piilfrjoiutrj  vtrtia  kroh.  ASi 
orniilDni  ounuit  utcrj-.nc  Ita  |ialul  nf  illrlitan  Inbi  liiUmii]  nm^  vitcriinl  uiiulUann'Ln. 
JiX-  Int'mtl  citruliil  arWy.  AJP.  pulniniutrx  artgry.  AS.  tiiTKilarlbri  laifwj,  AV^ 
muhrxl  art.Tr.  OEt.  tujtMhonL  LB.  mobo*.  BW.  rulnoiiary  Iniiik.  VX, 
■rncmii;  trunk.    THTt'Krniiil  riily.    TIT.  tuuinir.    TO.  nopliMUi. 

hind  limba.  The  hypogastric  arteries  aro  the  abdominal,  or 
intro^fcDtal,  portions  of  the  allantoic  art«ne«,  beyond  tlic  origin  of 
thft  internal  iliac  arte-riea  ;  thoir  cavitit's  bLVome  obliterated  after 
birth,  but  their  walls  persist  as  solid  cordg,  crossing  tbe  sidea  of 
the  bladder  obliqaoly,  and  running  forwards  uiid  upwards  to  thg 
ambilicuK. 

The  Tflrtebral  aiteries  appear,  about  the  twenty-fourth  day, 
u  (I  pair  of  longitudinal  trunks  running  abng  the  aides  of  the 
brain,  and  extending  fri>m*the  level  of  tbe  ears  to  tliu  commence- 
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ment  of  tlie  cervical  region.  Ihej  have  &t  first  no  couuimoioir 
tion  with  the  other  vessels,  but  towards  the  end  of  tbe  fonrtb 
week  their  aDtcrior  t^tiHs  uaitv  to  form  Uiemediiui  basilorBrtcTT, 
which  becomes  connectE>d  with  the  internal  carotid  arleries  to 
fivnn  the  circle  of  Willis.  About  the  Bame  time,  a  serioi  of 
paired  segiaL'nbal  or  iutt^-r%'ertebral  arteries  ariso,  as  branches 
from  the  dorsal  wall  of  the  norta,  nlong  the  oerxncal  andthornde 
rcffions  (Fig.  215,  AW),  and  supply  the  Bpinal  cord.  One,  or 
more,  of  the  anterior  pairs  of  ihena  inl  ervertebral  arteriea  beootne 
continuous  with  the  hindtir  etids  of  tho  Terlobral  orterie*  (Fig. 
245,  AV),  whicli  thm  ncqaire  their  connection  with  the  aortce.  In 
tho  later  stage*,  some  of  tho  intcrvertebml  nrterie«  farther  back 
become  connected  in  similar  fafihion  with  one  auotber,  and  with 
the  vertebral  nrteiy  ;  and  by  the  acquisition  of  tlieee  posterior 
connections,  witli  i^imultanoous  lo»)  of  tho  older  and  more  an- 
terior one«,  tbii  )ioint  of  orij^in  of  tho  vertebral  arterj'  IrotO-^^l 
the  norta  is  gradmilly  Bbifl^d  backwards  to  the  root  of  the  aecld^| 

II1F'  aubolavia.n  art«riea  «rie%e  as  branches  of  the  vertebral 
arteriee  (Fig-  2 lij,  as)  ;  Imt,  ms  iho  fwv  limlw  inorenso  io  sice,  the 
relative  proportiona  of  the  two  vesse!<i  »oon  become  reverted,  and 
tbe  TerT^brnl  urteriea  appear  as  braucht^s  of  the  subclariaiis. 

From  the  ^ides  of  the  dorsal  aortn  n  soric«of  pairsof  arteries 
arise,  which  supply  the  Wolffimi  btxliesf.  Tlie  CfL-liuc  axis  id  from 
the  first  a  median  artery  ;  it  arises  from  the  ventral  wall  of  the 
aortn,  in  tbe  anterior  thoracic  rejipou,  and  ^mdiinlly  shifba  bock- 
warde,  antil  its  aduU  point  of  origin,  opposit-u  the  last  tiioncic 
vertebra,  is  attained. 

lu  the  development  of  the  aorta,  aud  in  timt  of  all  tlie  oUier 
arteries  as  well,  the  wall  of  the  vessel  couBiEts  at  first  of  a  single 
layer  of  endothelial  eells.  Ont#ide  this,  tbe  layer  of  circular 
muscle-fibres  is  formed  from  tho  surrounding  iDeaoblasr,  early  in 
the  third  week.  At  b  later  sta^  a  layer  of  connective  tiawo  is 
formod  between  the  mnsculnr  and  the  endothelial  biyers,  but  il 
ia  not  clear  from  what  !iource  thiH  connective  tissue  ia  dented. 
His  suggests  that  it  is  fonued  direclly  from  the  blood  id  the 
blood-vesxel  itself. 


3.  The  Veins. 

Thi'  guneral  arrangement,  and  mode  of  development,  of  the 
veiua  in  man  is  the  same  as  in  the  rabbit.    Tho  most  importaaC 


diiTdreacM  consist  in  t1i«  JUappniirance  of  tlie  TcfV  antorior  vvaa 
c«vn,  Mid  in  certain  modifications  in  connection  with  th«  veins 
of  the  lirer. 

In  the  lfttt«r  part  of  the  thir^  week  (Fig.  198),  the  biood  is 
reborood  to  the  heart  ty  tkret'  pairs  of  veitiii,  of  approximateJy 
equal  MKe: — tJie  Cuviyrian,  vitelline,  nnd  allantoic  veins. 

Of  these,  tlii?  Cuvierian  veins,  yd,  return  blood  from  the 
embrvo  itself,  and  are  formed  on  each  side,  aa  iu  the  rabbit  and 
the  chick,  by  th«  anion  of  an  anterior  cardinal  or  jogxilar  rein, 
VB,  from  thu  hi^itd,  witli  a  post^irlor  cardinal  rein,  VC,  from  tiie 
tmok. 

Tho  vitollino  veins,  vv,  return  blood  from  the  yolk-sac,  and 
enter  the  embryo  by  lli«  yolk-stalk. 

Tfao  allantoic  veins,  ya,  return  blood  from  tbu  placenta ;  tJiey 
eot«r  tho  embryo  along  the  allantoic  stalk,  and  run  rorwarda  in 
the  side  wuIIb  of  the  body  to  tJio  heart. 

The  veins  are  at  first  of  equal  sise  on  the  two  sides  of  the 
body,  and  by  thp  union  of  tJie  six  veiiin  the  trnDm-erscly  placed 
9iQu.4  venusu^  ia  fornied.  In  following  their  further  development 
it  will  be  conveuient  to  take  the  several  veins  separately. 


Tbo  TitelUne  Teina  are  coinpat-atively  Hmall,  as  in  Mammals 
generally,  owing  to  the  small  size  of  the  yolk-sac.  They 
lie  ia  the  ^planchnopleuric  meooblast,  and,  after  entering  the 
embryo  at  ih&  umbilicus,  run  forwnrds  along  the  sides  of  the 
alimentary  canal  to  the  itinua  venoaus  (Fig.  2-13,  vv).  The 
vitelline  veins  uro  oloeely  associated  with  the  liver,  and  tJiey 
become  surrounded  by  this  as  it  is  developed  ;  furlhormore,  the 
principal  changes  which  t  hey  undergo  are  in  oonnaction  with  the 
raacular  supply  (if  the  tiver. 

Early  in  the  fourth  week,  about  the  twenty-tUird  day  (Fig, 
243).  tho  vit^tllint'  vt-ins  beooino  interrupted  as  tliey  pass  through 
the  liver,  breaking  up  into  a  B*t  of  aflL-n^iit  hepatic  veBsels 
supplying  the  liver,  and  a  net  of  efTereBt  hepatic  vessels  con- 
veying the  blood  from  the  liver  to  the  heart.  The  afferent  and 
ol^TPOt  hepatic  veiiAelii  are  connected  by  capillaries  only,  ao  that 
all  tJie  blood  entering  the  liver  by  the  ntelUuo  reins  must 
traverse  the  sabatanoe  of  the  liver  in  order  to  reach  the  heart. 

About  the  nme  time,  tlio  right  »ud  left  vitelline  veins 
become  connected  together,  immediately  before  they  eater  the 
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Uvt^r,  b^  ihtbe  transTflne  oonmiiBsura]  ve— ala.  TVo  of  tbeee 
cominiesurnl  vessels  pass  ventml  to  the  dnodeonm,  whU«  tbe 
third,  or  middlu  one,  is  dorsal  to  it ;  and  ibe  three  together  form 
two  raBCular  nnga,  or  cinMs  ntinulares,  encircling  the  daoi|«tinm 
(Fig.  243).  From  the  anterior  ring,  af[er«Dt  vessels  artae  whidi 
carry  lilood  into  the  liver. 

At  a  slightly  ]»ter  st«ge,  during  llift  tatter  part  of  the  fourtb 
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week,  the  right  and  led  vitelliDe  veins  uiiit«  to  form  a  iingl* 
vein,  which  is  joined,  before  it  reuches  the  liver,  by  veiiu  K- 
turtiing  blood  from  the  intestine,  and  which  may  from  this  ^iIn^ 
be  spoken  of  as  the  hepatic  portal  Tein. 

Of  tbe  tw<j  »iuus  annulnrcs,  the  left  half  of  the  anterior  un«, 
and  the  right  half  of  the  posterior  one,  dimippcar ;  the  pcr»ieteot 
portions  fiirm  a  siuglu  vessel  (Fig.  217,  vo),  which  becomac 
the  anterior  part  of  the  hepaLic  portal  vein,  and  which,  from 


tha  mode  or  its  dert^lopment,  niDs  round  the  daodennm  vitli  the 
spinl  coarse  clioroctoristic  of  the  vein  id  fclio  adult. 

Tbe  allantoic  TciM  an-  at  firKfc  paired,  but  they  won  faea 
together  at  tbeir  Itiiider  <-ii<1s,  within  the  allaxtoic  Atalk,  to  form 
» tingle  ve«sc) ;  tui-tlicr  fornrards,  within  the  t>mbryo  itselF,  the^ 
remain  separate,  rutininj^  in  the  Riile  walls  of  the  body,  clase  to 
tbe  baee  of  the  awQiou  fuMs  (Fi^.  lOS). 

Daring  tiie  fonrtli  week,  both  alLaatoic  veins  lose  their  oon- 
nection  with  the  xinus  venosue.  The  rif^ht  Allantoic  vein 
(Fig.  247,  va'),  which  ia  now  much  the  Hinallor  of  the  two, 
breaks  up  into  two  seta  of  vessels :  an  anterior  net,  va",  which 
nin  in  the  body  wnii,  and  join  the  cfltTCCt  hepatic  vessels  fta 
these  leave  the  liver ;  nnd  n  posterior  set,  va',  which  dianpfiear  at 
m  llightly  Iftt^r  HtAgn. 

The  left  allantoic  vein,  VA,  which  is  much  larger  than  the 
right,  also  divides  into  two  sets  of  Teesela  :  an  anterior  set,  va", 
which  nieetnble  thoA«  of  tbe  right  aide ;  and  s  Large  posterior 
Teasel,  va,  which  joins  the  anterior  eimis  nunularis,  or  hepatic 
portal  vein,  just  as  this  enton  the  liver  snbetanoe. 

The  ductus  venosos.  At  about  the  twenty-third  day,  botli  the 
vit«1lino  and  tlu^  allfliitoie  veeeela  have  lo«t  their  direct  conne> 
tions  with  the  sinns  venngus,  and  in  order  to  i-each  the  heart  the 
blood  iu  these  vt-sseU  miwt  traverse  the  liver  capillaries.  A 
direct  coninianicating  passage  ie  now  established  between  tbe 
portal  vein,  jui^t  before  it  ent^m  the  liver,  oud  the  right  hepatic 
vein  just  before  this  reaches  the  sinus  vonosaa.  Tbisoomniunica- 
tion  (^g.  247,  vk)  is  the  dootns  venotni,  ttoinelimes  called  tbe 
vena  necendens  or  veun  Ai-nntii ;  it  eulnr^s  very  rajHUly,  and 
ulTords  a  wide  aud  direct  path  by  which  the  blood  from  tbe 
plao'nta  ean  reach  tlm  henrt  without  parsing  titrougli  the  Uver 
rapillaries. 

In  rabbit  and  chicle  embryos  the  dnctua  Tenosns  is  the  per- 
eiBt«Dt  anterior  part  of  tJio  fusisl  vltrlline  veins ;  in  man,  aooord- 
ing  to  Professor  Hiti,  whoi^e  deacrij)tioii.s  have  been  follow*^  above, 
it  i«,  an  juHt  described,  aii  entirely  new  vesf;el. 

The  posterior  vena  cava  is  a  very  insigaificaut  vein  in  the 
earlin  stages.     It  in  formed  by  the  junction  of  tbe  iliac  veins. 
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In  the  CBrly  part  iif  the  Gtih  -week,  tlie  left  fourth,  or  ttysTpmic 
arch,  beconesdistiiiclly  liu-^er  thnn  tJieconresjKtiidiiigarL'h  oftW 
right  side  ;  and  tins  diflereoce  Boon  becomes  more  pronoanoeH. 
By  the  end  ofthp  fiflh  week  the  fourth  right  arch  is  not  only 
markedly  smaller  thuu  the  IvH  arch,  but  tins  lost  it«  connecliou 
with  the  aorta,  and  now  forms  only  the  vertebral  and  anbcUvian 
arteries  of  the  right  side. 

The  fifth  aortic  arch  of  the  riglib  Bide  dwappenre,  beyond 
the  origin  of  tJje  right  iiulnicmnrv  artery.     The  fiflh  left  arch. 
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Kir.  S4S.— The  aurtlo  HTobi's  of  ■  Uomaii  EntbrTo  tUrty-two  ilnja  eld,  I 
tho  loft -.ido.    (Kro.n  His.}     «  IS. 

jL.  UurW  ourla.    A-4.  fnurlli,  ur  Afaiamji;  auritc  iirch.    A«9.  iftKot  p 
»rtTf*fv).     JLJlHf'n<''^l^»1  e^iruLtjl  trt<ry.    AI.  klfll^riiiLlianlld  (kfOfy,     AP'F 

firtt^,     AV.  I'^rip^'TiO  tn\*ry.    A17.  iultrtvif^bjti  s^t  AffiufliUA  «ntffaA.     J 

IiR.i-rHnlii.i.    MIV.  xi'ii'lii'l".  nr  Umr  j*w.    PT.  i>nta>u/y  ilJTmianlaB  flvo  I 
RW.  rului(iiiBt>  trunk.    BX.  (yiwuilc  tnink.    TJI.UM**-    TO.  MnU^ifM.  Jfc- 

liowovcr,  reimaius  of  largo  eize  up  to  the  ck^se  of  fwtol  HIV ;  t)i« 
portion  of  till-  iiitili  between  the  rofit  of  I  he  lefk  pulnooaait 
art^>ry  and  tho  dorsiU  aorta  lioiug  kiiowu  as  thediictus  artenOBW 
(Figs.  2+5  and  21ti,  \.i). 

Tlie  dorsal  aerta  and  itt  bruiehe*.  The  point  afc  which  tlw 
two  (lorta)  iiiiite.  to  form  the  single  dortt&l  aorta,  is  about  tie 
junction  of  the  cervical  and  dorsal  re^ons,  in  embryos  at  (be 
end  of  the  fourth  week,  but  the  exact  position  viiries  coasideraUf 
in  different  opeciriioiis.  As  thw  union  proceeds  backwmrdft,  lie 
dorsal  aorta  increases  considprahly  in  size,  and  its  diameter  to 
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tho  lumbar  ro^on  is  more  than  donbl«  that  in  titc  nnt«rior 
tbontcic  Rigioii.  At  the  hinder  end  of  tho  lumbnr  region  tho 
aorta  divideis  into  the  right  uud  left  allantoia  arteriea,  which  run 
along  the  ftllantoic  stalk  to  the  placenta,  au<l  which,  at  any  rat« 
ID  the  eorly  Htages,  appear  m  direct  contiuualtons  of  the  norta 
tmther  thou  oa  brauobcs  of  it. 

The  proximal  endn,  or  roots,  of  the  nllaDtoic  arteriee  persist 
throaghoiit  life  an  the  cuinaiun  iliac  arteries,  from  which  the 
external  iliac  arteries  arise  as  branches,  on  tlie  formation  of  tho 
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Flo.  216.— TIic  aortic  nrcbcn  of  a  Human  Embryo  liiErfj-five  il»jt  old,  from 
the  left  >ii<la.    (from  IIU.)     ■  30. 

AA*J«"K<'''  «yi*inlf  ■orUa  itrrh.  AA  Utih,  u  pnlniBiiuy  wtlo  itA.  ASL 
ninimiiii  iMiiHil*i1«ij  «f  »■  point  at  Jtrlrfon  Into  IkUtimI  whI  •Mwntl  ohdcM  irtmtn. 
A2.  loUfaiJ  ounuil  artny.    AP.pnlnanarytnay.    JA  BitokTUm  ttun.    AV. 
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bind  limbs.  The  hypogastric  arteriee  are  the  abdominal,  or 
tAtra-roeta],  portions  of  the  allantoic  arteries,  beyond  tbe  origin  of 
the  internal  iliac  arteries ;  their  cavitiM  become  oblitomted  after 
birth,  bat  their  walls  pcirsiat  aa  ?ulid  cords,  croastDg  the  Hides  of 
the  bladder  oUiijuely,  and  running  forwards  and  upwards  to  tJie 
oinlMlicus. 

Tbe  TertebraJ  arteries  appear,  ulwut  the  twenty-fourtb  day, 
•a  a  pair  of  longitudinal  trunks  running  along  the  sidee  of  tbe 
brain,  and  extending  from  tbe  Icrel  of  iheeors  tothecommence- 
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insigDificflnt.  tlii?r«  &i«  nt  this  stage  only  two  veseels  ratorainf 
blood  to  tbe  rigbt  auricle:  the  anterior \t;na cava,  which irtonis 
VODOVS  blood  from  both  sides  of  tlie  head,  and  from  both  (on 
limbB;  and  the  jxurtcrior  vena  cnr«,  irhieh  brings  bftck  blood, 
maiuly  arterial  in  character,  from  tlie  phicoDta,  and  also  from  tha 
kinder  pn.rt  of  the  body  of  thv  embryo,  and  from  the  yolk-aac. 

During  the  foarth  montli  the  foramen  ovale,  which  hu 
hitherto  boon  a  froo  opening,  becomtM  partially  blocked  up  by  a 
fold,  ffliich  acta  us  a  valve,  allowing  blood  to  poas  from  the  rigbt 
to  tbo  left  auricle,  but  obstructing  it»  return  ia  th«  oppocit« 
directinn. 

Tbe  GuHtachian  valve  becomea  larger  at  the  same  time;  and 
partly  owing  to  ha  incroniied  n£e,and  part.ly  to  slight  chaogea  ia 
the  poeition  and  direction  of  the  openiug  of  the  post«rior  vena 
cava,  the  whole  of  the  blood  returned  by  this  latter  vessel  is  nov 
discharged  through  the  foramen  ovtde  into  the  left  aaricte. 

5,  The  Course  of  the  Circalatton  daring  the  Latter  HmU  of  Ge«- 
tatioa. 

Daring  tli<.-  Inllf  r  four  months  or  ao  of  gMt&tion  the  oonrw 
of  the  circulatioti  is  as  follows: — 

The  right  aiuiclc  i-eceiTcs  bltx>d  fi'om  three  scmices^ 

(i)      From  the  anterior  vena  cava. 

(ii)    From  the  coi-onary  sinus. 

(iii)  From  thf  posterior  vena  cava. 

1^  BJitL-rior  vena  cavu  rutarus  Yi-nouit  blood  from  both  ndea 
of  the  head,  and  from  both  fore-Umbs. 

The  cortiimrj'  simis,  which  is  tlio  ptrsigicnt  terminal  portion 
of  the  original  left  Bnt<-rior  vima  cava,  returns  venoDS  blood  fexn 
the  walU  of  tlie  heart  itself. 

The  posterior  veiia  cava,  which  is  moch  the  largest  oT  the 
three,  returns  blood:  (a)  firom  the  Under  part  of  tlio  body,  and 
eep(*cially  th?  hidneya  and  tli«  hind  limbe;  and  (V)  froCD  the 
placenta,  th<?  intfatine  and  the  liver.  The>  latter  of  these  two 
streams  I'eqiiires  further  considoration. 

Of  the  two  allantoic  veins,  by  whicli  the  blood  was  rrfcnmed 
from  llie  placenta  in  tin.'  curlier  etAgps,  the  right  one  has  di^ 
appealed.  Tbe  hit  allantoic  vein,  which  ia  very  large,  eaUB 
Che  body  at  the  umbilicus,  and  runs  fonrardii  to  the  fatete 
border  of  the  liver  ;  here  it  is  joined  by  the  hepatic  portal  vein, 
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diflbrSDOM  oouust  in  the  tlisAppeorasce  of  the  Ii>fV  anterior  vena 
earn,  and  in  ceitfiin  saodifications  in  eoonection  iriUi  the  Tein* 
of  the  lirer. 

In  the  latter  part  of  the  third  week  (Fig.  198).  the  blood  ia 
reliirntHl  to  the  h(iirt  by  three  puirs  of  veins,  of  ttpproximately 
«qual  size  : — the  Cuvi(>rian,  vitelline,  and  nllantoic  veins. 

Of  these,  tlie  Cuyierinn  TcinSj  VD,  return  blood  from  the 
«inbrj-o  ilwlf,  utiJ  nre  fbrmi-d  on  each  aide,  us  in  the  rabbit  and 
the  ohtok,  by  the  onion  of  an  anterior  Cflpdinul  or  jugalur  Tein, 
TB,  Ironi  the  Iiead.  with  a  posterior  cardinal  vein,  vc,  from  the 
trunk. 

The  vitelline  veins,  w,  return  blood  from  tho  yolk-sac,  and 
entwr  the  embryo  by  the  yolk-stiilk. 

The  alluutoic  veiue,  va,  retnru  blood  Ctota  the  placvuta ;  they 
enter  the  embryo  alon^  the  ullautoic  etalk,  and  run  forwards  in 
tho  side  walls  of  the  body  to  the  heart. 

Th*;  veins  aru  at<  fintt  of  i-qual  she  on  tho  two  sides  of  the 
body,  and  by  the  union  of  the  six  veina  the  tmnsveritely  placed 
cdnufl  venosua  is  formed.  In  following  their  farther  development 
it  will  be  convenient  to  take  the  neveral  veins  separately. 


Tlie  TitelUne  TeLni  are  compa,ratively  email,  aa  in  Manimala 
generally,  owiiif;  to  the  small  size  of  the  yolk-sac.  They 
lie  in  the  &planchnoploQric  tneaoblost,  and,  alter  entering  the 
embryo  at  the  nnibilicus,  run  forwards  along  the  tides  of  the 
alimentary  canal  to  tlie  sbiUB  vetioeiu  (Fig.  2i'i,  TV).  The 
vitelline  veins  are  closely  associated  with  the  liver,  and  they 
become  aarroandecl  by  this  as  it  is  developed  ;  farthomiare,  the 
riacipat  change;)  which  they  UQd)>rgo  are  in  connection  with  the 

:alar  snpply  of  the  liver. 

Karly  in  the  fourth  week,  &l>out  tlie  twenty-third  day  (Fig, 
S43),  the  vitelline  veins  become  ioterrupted  as  they  paas  through 
the  liver,  breaking  up  into  a  set  of  aRV-rent  hoputic  vessels 
sQpplying  tho  liver,  and  u  But  of  efferent  hepatic  vessels  con- 
teyiiig  Iho  blood  from  tJie  liver  to  the  henrt.  'ITie  afferent  and 
eRen>Dt  hepatic  vesat^U  are  connected  by  capillaries  only,  w  that 
aU  the  Uood  entering  the  liver  by  the  vitelline  Tcins  must 
tra^-ereo  the  substance  of  the  liver  in  order  to  rMich  the  heart. 

About  the  Bame  time,  the  right  and  led  vitelline  veins 
beoome  counecled  together,  immediately  before  they  enter  the 
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the  left  ventricle,  and  is  thi>noe  driven  utotifr  the  systemic  tnml 
(Fig.  2+6,  HX).  and  through  the  carotid  and  subclavian  aneriM 
to  the  bead  and  foru-liinbs, 

It  is  probtiblrt  that  very  little,  if  any,  htood  from  the  left- 
ventricle  gets  into  the  (lor»il  aorta,  for  tbis  \a  alrfody  filled, 
through  the  ductus  artorioetts,  from  the  right  ventricle ;  and  u 
the  tivo  ventricW  htivv  ni  tbis  «tage  vtaih  of  nlraut  c<]tial  tluck- 
nees,  and  prt>sumahly  uf  equal  etrengtb,  th^rc  will  be  as  strooga 
tendCDcy  for  tlie  blood  of  the  right  ventricle  tti  pass  forwanb 
along  tlie  arch  of  thw  aorta,  as  for  the  blood  from  the  left  wo- 
tricle  to  paas  backwards  along  the  dorani  aorta. 

Tlieorrtically,  the  aorta  might  be  ligalared  jnst  in  Irnnt  of 
the  poiat  at  which  the  ductus  arteriosus  joiits  it,  without  in  any 
way  disturbing  the  foilal  circulation ;  and  instances  of  nial- 
fonnation  have  occurred,  in  which  the  aorta  waa  completelv 
obliteratt^d  at  this  place,  and  yot  dc.vclopmcDt  in  other  nepo^ 
proceeded  nomially.  Such  a  mairormatiou,  thongh  canaingiw 
disturbance  of  the  ctrcuUtion  eo  lon^  na  the  foetus  is  recuvinp 
nonriiilinient  through  the  plnct^nta,  is  fatal  nt  the  time  nf  birlli, 
OS  the  arterial  supply  of  the  whole  body  behind  tlie  armii  is  ihau 
Cutoff. 


6.  The  Changei  in  the  Circulation  at  the  Time  of  Birth. 

At  hirth,  the  placental  circulation  i»  arrested,  aad  Ha 
allantoic  and  vitelline  vessels  are  interrupt^] ;  and.  as  the  langl 
become  inilated,  the  piilmonsry  circnlation  in  fully  established. 

In  connection  with  this  shilling  of  the  )«eat  of  ro«piratii>D, 
frotu  the  placenta  to  the  Itings,  importiut  changes  are  effedeil 
in  the  circulation,  tlie  principul  of  which  are : 

(i)  Shrinking  and  obliboration  of  the  ductus  art«-iosti8,  and 
of  tht'  hypogastric,  or  allantoic,  arteries. 

(ii)  UbUttTatiDn  of  tiie  ductus  vciiosus,  and  of  the  part  of 
the  allantoic  vein  within  the  body  of  the  child. 

(iii)  Closure  of  the  foramen  ovale. 

By  these  chnnge!i  it  U  brought  about  that  the  blood  in  the 
posterior  vena  cava,  which  is  now  entirely  vcuous,  is  no  longn* 
able  to  get  into  the  left  auricle,  owing  to  closure  of  the  fonunea 
ovale,  but  passes,  with  that  of  the  anterior  vena  cava,  from  tb- 
right  auricle  to  the  right  ventricle.  From  the  right  ventricK 
owing  to  the  obliteration  of  the  ductus  arterioeiw,  it  can  t» 
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longer  reach  the  aorta,  Init  p<\!iKe!(  entirely  »IoDg  the  piilmunaiy 
arteries  to  the  lungs.  JT'i-om  the  lutigs  it  is  rctarnoil  by  the 
pulniontry  veins,  wliich  are  iiow  greatly  enlarged,  to  the  left 
SQiicIc,  and  ao  to  llio  left  vyQlricrlc,  which  drives  it  not  only  to 
the  head  and  upper  licuba,  bub  alao  along  the  dorsal  aorta  to  the 
hinder  part  of  the  body. 

By  oblitcralion  of  the  dactus  vf^noaiw,  nil  tin:  blood  in  the 
hepatic  portnl  vein  iit  compelled  t^j  y>asn  througli  the  capillurics 
of  the  liver  in  order  to  reach  the  poatorior  vena  cava.  In  other 
worda,  by  these  three  cbau|,'e3 — ubtit^ralion  of  tlie  ductux  art»*- 
rioeus,  obliteration  of  the  ductus  veuosus,  and  closure  of  tko 
f<>ram«n  ovale— the  fcDliJ  circulation  hafl  been  converted  into  that 
of  tho  adult. 

These  clianges  do  not  occur  iuiiiiedi&tely  on  birth,  uur  lue 
they  effected  simaltaneously. 

Obliteration  of  the  allantoic  or  hypoga-itric  nrtene*  oocnrs 
6r8t ;  it  ih  eilected  partly  by  coulractiun  uf  the  entin;  vcsitels, 
bnt  chiefly  by  thickening  of  their  inner  coata,  and  is  usually 
oompleti^d  by  tho  third  or  fourth  dny  nfr'^r  birtli. 

The  allantoic  veum  and  the  ductus  venoKus  i-emain  open 
rather  longer,  but  are  ^^-nerally  obliterated  by  the  eixtb  or 
seventh  day, 

TIiediictUB  arteriosus,  according  to  Allen  Thomson,  'is  rarely 
found  open  after  the  eighth  or  tenth  day,  and  hy  three  weeks  it 
bas,  in  alinoet  all  iimtances,  become  completely  impervioua.' 

Closnro  of  the  fommon  ovale  is  the  laet  of  tbo  changes  to  be 
completed.  The  closure  ia  at  first  effocted  merely  by  the  valve, 
which  projccl-s  into  the  leA.  auricle,  Iieinf^  kepi  cloxely  applied 
to  the  margin  of  the  aperture  by  preasure  of  the  iucreosed 
quantity  of  blood  now  retununR  by  tho  pulmonary  veins.  At  a 
later  etoge  the  edge  of  the  valve  gradually  coalesces  with  the 
margin  of  the  opening,  but  th«  union  oflen  remains  incomplete 
for  some  months ;  and  it  not  uiifrecjueiitly  happens  that  an 
obliqne  valvular  aperture,  large  enough  to  admit  a  probe, 
persists  for  the  first  year  of  infancy,  and  may  weu  he  perma- 
nent tliroughoot  life,  in  which  CAse  n  direct  pati.iage  of  venous 
blood  into  the  left  auricle  is  liable  to  occur,  especially  on  over- 
exertion. 
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DEVELOPMENT  OF  THE  CBINABY  ORGAKS. 

The  general  history  of  development  of  the  urinan*  orgiuis  iii 
man  is  the  same  B8  in  the  rabbit.  Faired  Wolffian  docts  anil 
Wolffian  Ijodies  appear  first ;  these  form  tlio  excretory  organs  cS 
tho  early  stjigcK,  and  nttain  a  con«id«rab]e  nxe  during  (he  see/mi 
month,  after  which  limw  they  gradually  shrink,  ullimalely 
losinjf  tlieir  excretory  functJou,  aad  becoming  modiBed  to  fonn 
accessory  parts  of  the  reproductive  Rystcm. 

Tlie  permanent  or  ndult.  kidneys  arific,  us  in  the  rabbit,  M 
outgroivthB  from  tlie  hinder  eudis  of  the  Wolffinn  ducta :  from  the 
third  month  onwBrdg  tht^y  replace  the  Wolffian  bodies  as  tht 
functional  ejcereloi-y  orgfins. 

A  pair  of  MiillL-rian  dacta  is  formed,  independently  of  lie 
Wolffian  dncts,  and  iu  the  female  becomes  modified  to  fom  tlw 
ovidnctft,  Qtcriis,  and  vagina.  The  faeod-kidni^y,  if  pri?«»nt  at 
Bill,  is  in  a  very  ruilimentfiry  nnd  pvanescent  oonditioD. 

1.  The  Wolffian  Dnctand  Wolffian  Body. 

Accordiug  to  ICoHiuhuil,  tli<^  WolfTiaii  ducts  appear,  nhout  tht 
fourteenth  day,  as  a  pair  of  longitudinal  |^o?e«  of  the  exiemil 
opiblast,  just  below  the  lere!  of  the  nijotomee  (Vig.  248,  KC), 
IJy  thi-  middle  of  tho  third  week  the  diict«  ore  tabular,  and  lie 
embedded  in  the  mcsoblast  of  the  intermediate  cell  maoa.  It  fa 
not  yet  certain,  ho%Tever,  whether  the  tubular  duct  is  funned  bj" 
olosore  of  the  lips  of  the  groove,  or  by  splitting  otT  of  a  rod  cf 
ceiUi  from  th^  thickened  floor  of  the  grwove.  which  mbMqaenllf 
acquires  a  lumen,  and  becomes  tubular:  while  the  ohnprvatioiX 
recorded  in  tlie  case  of  rabbit  embryos  rvnder  it  poeuUe  that 
the  origin  of  the  Wolffian  dnct  from  the  epiblost  may  prore 
to  be  apparent  rather  than  real  (r/.  p.  4*21 ), 

The  WolHian  ducts  nt  6rst  end  blindly  behind,  bat  about  Xht 
end  of  the  third  week  or  beginning  of  tho  fourtli  vri-ek  theygiw 
bock  to  the  cloaca,  and  open  into  it$  sides  (Fig.  2  i.3,  rc). 

The  Wolffian  bodies  appear  about  tlie  eigbteeulh  day  as  a 
pair  of  longitudinal  ridge-likc  thickenings  of  the  dorsal  wall  of 
the  body  cavity,  one  on  eacl)  side  of  I  he  moM-ntery.  Thcae  soub 
become  more  promiiients  and  by  the  beginning  of  the  foarth 
week  extend  from  about  the  sixth  cervical  to  the  last  lumlai 
somite. 
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Eacli  Wolffian  body  consists  at  first  of  rodii  of  celU,  which 
fcppenr  to  arise  independently  of  the  \\'olffian  duct.  The  rods 
aooo  becomt!  S-ahaped :  early  in  the  fourth  vrc«k  tbey  acquire 
axinl  cavities,  and  bo  become  tube* ;  aiid  by  the  vnd  ottlw  ytwk 
the  tubes,  or  Wolffian  tubaleci  as  they  may  now  be  termed,  groir 
tofnu^s  thu  Wulllian  duct  and  open  into  it.    l*he  oppoeite,  or 
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doBBcl  ends  of  the  lubiilfs  become  diliiknl,  and  tiicn  incaf^pnated 
to  form  Mnlpighina  Ixxlieti,  the  glomcral!  being  derivi>d  from 
branches  of  the  aorta  wldcli  penetrate  iuto  tJio  Wolfliau  body 
•long  ita  whole  length ;  wliile  the  veins  open  into  tbo  laq^e 
poetenor  cardinal  reioB,  which  are  intimately  OFaociated  witlt  tha 
Wolffiaa  botlies  from  their  fint  appe-arnoce. 

The  Malpighian  bodice  are  mora  abundant  along  Ihe  inner 
sid«  of  each  WollBaii  body,  while  the  duct  lies  aloit^  ita  otilcr 
border,  exoeptat  the  hinder  end,  where  itorOBMeii  to  the  inner  tide. 

Daring  the  eecond  month  the  Wulfflun  bwIicH  grow  rapidly  : 
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Uia  Malpigliisn  bo(]ie!(  increase  greatly,  both  in  nnmber  uid  in 
size;  and  now  Wolfiinii'liibulea  are  formed,  opp«nMitlj-  by  budding 
froin  Hic  old  ones.  In  each  ttiLule  the  part  next  the  Mal{)ig)ilaii 
body,  whicli  is  probably  the  secreting  portion,  batt  Ihickt-r  walls, 
formed  of  larger  epItboUal  cells,  tban  the  more  dietal  part  wliidi 
opens  into  tbo  WolHinn  ilurt. 

The  WolQi&n  body  reBcIii>a  il«  greutest  develnptnmit  nlxnit 
the  eighth  week,  from  irliicfa  time  it  ^lovly  diminishes  in  m». 
Degeneration  comnn-nccs,  ond  procrcdx  more  actively  lit  the 
atiierior  end  of  the  Woltfinn  body,  which  from  the  first  hiu  liggwl 
behind  the  rest  of  the  organ  in  developrnent.  L'ltimKtely  the 
whole  structure  becomes  ailectod  ;  by  the  fifth  month  the  MaJ- 
pighiitn  biidieii  have  ^ihnoRt  entirely  diauppenn-d,  luid  in  the  t-nil 
the  WolfGaii  body  liecomes  reduced  to  an  accessory  part  of  the 
reproductive  apparatus. 

2.  The  Kidney  and  Vreter. 

The  ureter  arises  nn  each  side  as  a  dirert iculum  from  the 
hinder  end  of  tho  Wolffian  duct,  in  (he  early  part  of  the  foortli 
week  (Fig.  - 13,  KD^.  This  8oon  acquires  »n  iadepettdent 
opening  into  th(»  cloaca,  a  little  way  behind  that  of  the  Wolffian 
duct  (Figs.  2It>,  icD,  aud  23i),  v).  At  its  opposite  or  blind  i-nil 
the  ureter  grows  forwards,  between  the  hinder  end  of  the  WolflUn 
body  and  thw  vertebne.  It  dilates  to  form  n  noniewhafcelon^wd 
sac,  which  is  the  pelvis  of  tho  future  kidney;  nn  1  from  thii 
sac  bi-anching  tubular  diverticula  grow  out  (Pig.  234-,  s),  and 
become  the  urinar>-  tnbulee.  These  rapidly  increase  in  nnmber 
and  in  length ;  Malpighinn  bodies  are  formed  in  connection  witii 
titeir  distol  ends,  and  the  hidn'-y  »iruct»ix''  is  definitely  aoqDLlvd 
by  the  end  of  the  second  month,  at  which  time  tha  degtHWrattos 
of  the  Wolffian  bndy  cotnniencea. 

The  bladder  is  formed  by  dilatation  of  the  basal  or  iiroxim^ 
part  of  the  alUiitoia.  Beyond  the  bladder  the  altantoic  stalk 
loses  its  cavity  and  Ijccoines  a  solid  rod,  the  uraohus,  Icadtnj; 
from  the  bladder  to  the  umbilicos.  The  lumen  unually  disip* 
pears  early  in  the  fillh  week,  but  it.  may  persist  fi>r  a  nach 
longer  timo,  or  m-en  bo  present  in  the  adult. 

3.  The  KiillerLan  Snot. 

About  the  end  of  the  fourth  week,  a  loDgitudiiud  ridge-lilR> 
thitikening  of  the  ]>erit«neiini  appears  along  the  oat«r  side  c^  eadi 
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of  the  WtilOian  bodies.  Ttie  nd^  lies  close  to  thn  WolfRon 
duct,  anii  extends  olon  j  its  wliole  length,  but  is  quite  indcpt-ndeiit 
of  this. 

Early  in  the  fifth  week,  the  Mdllorinn  dnct  is  formed  in  litis 
TJdge;  it  is  a  uarrow  Ktraight  Lube,  lyin^  along  the  out«r  side 
of  the  WolfiiaD  duct,  but  ditttinct  from  tlu«.  Its  anterior  eni 
opeofi  into  tho  1>ody  cavity  by  an  elongated  fllit-lik<>  mouth, 
situated  in  n  pntch  of  thickened  peritooeal  epithelium,  a  little 
way  iu  front  of  the  uiiterior  i*nd  of  the  Wolffian  body.  Poete- 
riorly,  the  MuUeriaa  duct  ends  blindly. 

By  the  t>ighth  weeic  the  MQlk-rian  duct  has  undei^ne  ttome 
changes.  It  coiumcnccs  in  front  with  a  wide  fimnel-tike  mouth, 
the  marginH  of  whicli  iirc  iilri-ady  slightly  tinibriotod.  Behind 
thia  mouth,  the  duct  runs  etmight  bftckwards  for  sonie  distance, 
alonft  tbe  outer  eide  of  the  Wolftinn  body,  then  turns  sharply 
inwartU,  Crowes  Ti-utrnl  to  the  Wolffmndurt.  and  oontinocB  back- 
wards in  close  contAct  witli  the  MiiUeriaii  duct  of  the  opposits 
aide;  it  Mill  ends  blindly  behind. 

In  the  male,  the  Mulk-rian  ducts  bn^n  to  atmphy  shortly 
after  reHchitig  tliii*  atagt?.  In  tlit*  lemiile,  they  uniWgn  further 
development,  and  give  rise  to  the  oviducts,  uterus,  and  vagina, 
uwill  be  described  in  the  section  deating  with  the  hoomboij 
organiK  of  reproduction. 

4.  The  Head-kidney. 

iFaooaik  has  described,  ia  an  embryo  eighteen  to  niaeteen 
days  old,  what  \w  thinks  mny  prow  to  be  a  rudimentary  pro- 
nephroB,  in  the  form  of  a  couple  of  ])eritoneal  funnels  just  in 
front  of  the  anterior  end  of  the  Wolffian  duct ;  the  anterior 
Ainnel  having  cloee  to  it  a  sti-uctnre  not  unlike  an  extt-nutl 
glomftniluB.  Tho  early  development  and  Bobsoqnent  fate  of 
these  structares  hare  not  yot  be<ni  dctennincd. 


THE  DEVELOPMENT  OF  THE  BEPRODUCTIVE 
ORGANS. 

1 .  The  Estential  BeprodnetiTe  Orgaoi. 

Thfse  have  already  \io^n  <les<rribfd,  in  the  iutrodurfory  portion 
of  thin  chapter  (pp.  l-W  to  1-J7j ;  but  n  few  fuitlter  details  may 
conreniently  be  added  here. 

In  cmbryoa  thirty-two  day*  old  (ef,Vig.''^    "     iieiiiUil 
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ridgea  arei  pre^nt  as  a  pn-ir  or  bands  of  epitbelium,  many  celt* 
tlii<!k,  *nd  lying  Along  the  inner  sides  of  tb?  Wolflmn  b«lia. 
Primitive  ova,  aro  iilrt^aily  pn-wjnt.,  and,  according  to  N'agel,an 
found  not  only  in  the  genital  rid^fes  themaelrea,  but  alao  beyvad 
tlicir  limits,  and  especially  m  ttic  tbickened  epitbelinm  b 
Uie  Deigbbonrbood  of  tb«  Mcillerian  duct«.  This  may  iierbkfs 
be  taken  as  an  indication  blint  tbe  genital  ppitheliiuu  iru 
originally  less  sbarpty  circumncribed  tlian  at  present. 

Nagel  liaa  shown  tbat  distinct  dilf«reucea  may  be  detected  in 
tbe  genital  ridges  of  the  two  e^x^a  from  aa  early  a  penod  m 
thirty-two  darg ;  ami  ho  is  inclined  to  donbt  whether  there  it 
abeolutA  identity  at  any  tJme,  crtm  in  thu  carlicist  stag<es. 

Tn  Ibi.-  male,  the  genital  ridj;^,  at  tbirty-tlir4>t>  days,  duxr*  • 
fiiirly  de6tiit«  arrangement  of  the  cells  in  strings;  these  fbmi  ■ 
network  of  tortaous  anastomosing  cords,  arranged  sotnewbl 
regalarly,  and  Iwuml  together  by  conneclivo  tissue.  Embrddp] 
it)  the  cellular  corde  ard  tbd  primitive  Bp«rm  tfcUa.  The»6  in 
comparaUvely  few  in  number ;  their  formation  cesses  at  u 
early  stage,  in  ombryoe  of  about  six  or  sevcit  weeks,  oo  tbe  com- 
pletion of  the  tuiiicn  albuginea ;  but  in  tbt*  later  stage*,  altboof^ 
no  new  primitive  aporm  cpUh  are  formed  from  Ibe  gemuml 
epitli«liuui,  those  which  are  already  jwesent  increase  freely  }jf 
diviaion,  Tlit- wllular  cimlit  ilii-mBelTes  become  converted  inla 
tho  seminal  canals,  wbicb  are  thus  derived  directly  from  the 
germinal  epitlieliam. 

In  tho  fcmulo,  thu  primitive  ova,  in  cnibrj'oa  of  thirty-thrr* 
days,  are  much  more  numerous  tlian  tbe  primitive  i>penn  celbflf 
the  mule.  They  are  found  in  various  phases  of  dc?flopment,  smi 
thu  furmalioQ  of  new  primitive  ova  continues  until  about  the 
oloBO  of  gestation.  It  is  vei^' doubtful  whether  any  new  primitiT* 
ova  are  formed  after  birth,  and  by  boiui>  autborities  tht>ir  fonoatico 
ia  boliored  to  atop  about  the  eevenib  month.  The  ti^ndency  for 
the  smaller  celU  to  b<.>come  grouped  around  tbe  primitiro  on. 
and  HO  form  follicle?,  in  ovident  even  in  the  fi  Hh  w<^p1£  ,  and  aSbfdf 
a  good  cine  by  which  a  yonng  ovary  may  be  iliHtinj^iuBbed  fioH 
a  young  teatia,  and  tlio  sax  of  the  embryo  tbns  determined. 

3.  The  AeceMory  Seproduotive  Organs. 

As  in  the  rabbit,  tlt<<  chick,  and  indve<I  the  great  majority  tf 
VortelmttM,  the>  genital  ducta  of  the  human  embryo  ar«  formed 


lubvs  whicli  origiaally  belong  to  tlie  excretory  system  ;  tlio 
ovi<lac-ti«  being  Tornu'cl  fiYitn  t)it>  MHll«rtiui  dacU,  nnd  tiie  rtma. 
defi-rentis  of  the  mate  from  tiw  Wolffian  ducts ;  while  otlitr  i»r- 
tions  of  the  ombrj^onic  excretoni'  apparatus  persist  io  a  modified 
or  veetiginl  tbrm,  n»  aaxmoiTf  organa  io  n-latioa  with  tlie  ropio- 
duetive  system. 

«.  In  the  Hal«. 

Tli<>  MUUeriaB  duett  }»<gin  t/>  ntropby  sboat  tkp  middlo  of 
tlie  third  tiionlli,  ami  uitimately  diKappearcORipl<>t«ly  aloog  the 
gmfjer  part  of  their  Icugt-h.  The  nmerior  end  of  the  MuIIerion 
iluct  may  persist,  nnd  in  connection  with  it  the  b^-datidn  of 
Mor^giii  are  believed  to  be  formed  ;  this  name  being  given  to 
one  or  more  small  pedunculated  budina,  \ying  between  tbe  tertii 
nnd  the  head  of  the  epididymis.  One  ol'thpiie  l>odie«  is  of  liirg<^r 
MM,  and  more  constant  occurence,  than  the  others. 

It  i«  stated  that  the  poslerior  eniU  of  the  Mtlllerian  ducts 
tinit4>  toother,  ond  give  riae  to  the  utcnis  mascutiniis,  a  small 
pock<'t-liko  diverticalau  from  the  dorDAl  irnll  of  tbe  prostatic 
portion  of  the  nrellira,  a  quarter  to  half  an  inch  in  depth,  and 
bearing  on  it«  margine  the  slit-like  openings  of  the  vasa 
defervnrU.     The  wtafemrnt,  bowovcr,  needs  coaBrmation. 

Th«  Wolffian  body  and  Wolffian  daet.  Tbo  gn>at«r  part  of 
the  A\'olfltan  body  disappears,  but  tbu  unterior  end  becomes 
intimately  connected  wItJi  the  testis,  and  p^rsistit  throngliont 
life.  From  the  Wolffian  tubale*  of  this  anterior  end  tubular 
ontgnnrths  »jif»,  which  during  the  fnurth  month  grow  into  tlie 
snbstonco  of  the  testie,  and  gire  rise  lu  the  vasa  efTerentia ;  these 
coon  bc>(.v>nie  connected  with  the  seminal  tubes,  which  tntt«r,  ac- 
cording to  Xagel,  arc  formed  directly  from  the  germinal  epithe- 
lium. The  anterior  Wolffian  tnbnlcfl  become  the  cooi  vaiscalou; 
and  thi*  Wolffian  duct  ia  converted,  in  front',  into  tlt«  toAmmeiy 
tortiioiiA  opididymin.  and  further  bftclc  into  the  vna  deferona. 

The  structnrps  known  ua  tbe  vasa  a1)errantia,  a  iteries  of  tor^ 
tnoua  tubular  diverticnla  from  tiio  lower  end  of  tbe  epididymis ; 
and  the  parcpididymii*,  or  organ  of  Giraldis,  are  probably  por- 
8i«tent  portions  of  some  of  the  hinder  Wolffian  tuboles. 

b.  Id  the  Female. 

The  Hiill«ria&  ducts,  at  the  beginning  of  the  third  month, 
am  still  quite  distinct  from  each  other.    Their  anterior  ends, 
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with  tlie  abdominal  opeuings,  are  widely  s^parat^? ;  t!i«tr  pDt- 
terior  portions  lie  side  bj- 6i(l<>,  betweiMi  ami  »Hglu1y  Jorul  l« 
the  WolBlan  dacts,  and  bound  ap  with  these  br  ooonectin 
tjssoe,  to  rnrm  vhat  U  »iiok«n  of  as  Uie  genital  cord.  The 
Mullerinn  ductii  still  end  iiliiicUy  behind. 

Towards  the  eiid  of  the  third  month,  the  two  Malicrian  dncla 
fuse  together,  opposite  the  inirldle  third  of  tlie  f^nital  cord ;  ud 
from  thig  point  iho  fasion  i-xtonds  rather  rapidly  forwnrds,  ud 
much  more  slowly  backwuidei.  The  h»dd  portion,  or  oter^ 
vagin&l  caiial,  enlurgi>tt  steadily,  especinlly  iu  iU  tnuisvem 
diameter.  By  the  begianing  of  the  foortb  mgnth.  a  distioctiai 
appeont  bctvrt»ii  tbu  utvriim  und  vagiiuil  portions  uf  thv  canal; 
the  proximal  iMirtion,  or  uterus,  bt-lug  lined  by  a  co1umnar«i»- 
tdelium,  and  the  dietat  portion,  or  vaginu.  by  a  B()uuixni!i 
tfpitholiuni. 

Buring  thfi  fonrth  month,  the  bonndiuy  Hda  betwc.-'ii  the 
uterus  und  vugiua  bucomeit  a  uitich  sharpor  one.  Tlif  nlwwi 
becomes  considerably  dilateil  :  the  vagina,  on  the  other  haad,  U 
Battened  dorso-vuntralty ;  and,  by  prolircmtioo  of  its  epitbeltd 
cellii,  its  lumen  be<;omes  completely  blocked  ap  tor  a  tiuiettt* 
uppeariug  in  the  course  of  thv  fillli  mouth. 

Tho  two  MiilleriAn  duot«  thus  g;ive  rise  to  Uie  whole  Uvfili 
of  the  female  piissageH;  th^  nnterior  or  proximal  ends  of  Ui" 
ducts  rvmmniug  distinct  from  each  other,  und  f^:irrntng  tbe 
oviducts  or  Fallopian  tube8;  while  the  |>ost«rior  or  distal  por> 
tions  fuse  together,  and  give  ri£o  to  th»  utema  and  ragiaa. 

The  fnsion  of  tht.'  two  halves  of  tbe  ntems  is  not  completal 
until  the  latter  part  of  the  fourtli  month;  aad  the  wxaisiowl 
retention  of  a  more  or  lees  complete  uterine  septum,  >>v«n  in  l&f 
odalt,  itt  due  to  imperfect  fuKiou  of  tlie  two  originally  distintt 
dactB. 

Tho  cervix  uteri  is  established  during  the  fifth  UKuith,  ai 
the  time  when  the  lumen  uf  the  vagina  is  r«ippi>arin^.  Tb* 
folda  of  tbe  wall  of  the  cervix,  siioken  of  oa  the  urbur  litct, 
appear  duriii;^  the  fourth  month;  while  the  difTereiiiintion  of 
the  mascnlnr  walJH,  and  of  the  enonnously  developed  iiiu!>culari* 
mucosa-  cumiueuces  iu  tbo  sixth  month.  The  nterineeiritlieliun 
is  devoid  of  cilia  during  the  whole  of  ficuU  Hfc  ;  and  ap  to  tb( 
time  of  birth  Ihcro  are  no  glands  in  the  body  of  ilir  utcms. 
Glands  are,  however,  present  in   the  cervix,  and  appsrmliy 
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Jw.TTptc  tlic  plpjT  of  miicm  whirli  eoinmoaty  occoplos  llio  0«  ot<>ri 
at  tlie  titii^  of  birtli, 

TIm  WolfflaB  body.  In  tbe  fenuile.  outgrowtbft  from  th« 
Mit«nor  Wolffian  luUtiii.-«  into  the  ovary  oocnr,  simllur  to  U>o«e 
which  in  iliu  nift.l<>  ^vi*  rino  to  the  t-»«i  cfTervntln ;  bat  tliry  do 
Dot  give  rise  lo  any  sdiilt  structttn*. 

A  niimtier  of  Uie  Wolffian  tubales  oT  tbe  aoterior  end  of  the 
WolfSan  body  persist  tbronghoiit  life,  forming  the  stntctiint 
known  as  th<>  parorariam  (Fig.  210,  a),  sometimes  CAlIed  the 


■  fta.  2l'J.—Thr  adclt  0>*ir.  FArorarinm.  knd  Fallopian  tnha. 
I  'AiMl«Ri7.'    (Atr«r  Kftbclt.) 

■  i>f  Urn  VMrn^n  inlf.    *.  rTnMli»i4  inim  nl  Oh  umwIm  WalBi*  liMfca.  *wb«Iiim 

■  iMntar  kyUMUt.     r.  ih*  iMioitaUiBl  .Ibm  mt  u»  cuDTwtaa,  Bicwiiil   Iraa  ttm 

■  MtaflM  hhI  of   Uw  W4l*u  -iMl.    rf.   ruUnnMrTr   ftolOUti  labaU.     <,  «Iw«UbI 

K  IMilliiilTlii  TIITi  I  I     '     -  -|-i  ■!•"  ---   T    /.  LbflfTWo^  Miliar  MftMrt. 
^^H           IMSfiiMitlAa    fclq4iI)4*tM<tailUtlie«ni«(UBr>lto|«MtBbC    1,<KMt, 
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epooplioron  or  orgaa  of  Rostntnmier;  &  wriei  of  Imit'^vcreo 
labfs  which  run,  vrith  a  -KHnewhat  toi-tuoas  oooTse,  in  the  foM  of 
peritoneum  betweea  llio  ovnry  nnd  the  Fallopian  tube,  and  are 
connwted  with  the  anterior  cntl  of  the  ovmy. 

A  sDiall  portion  of  the  hinder  prt;  of  tbe  WollBan  body  may 
pereist  tut  n  rudimentAry  iAructure,  the  parooplioron,  lying'  in  tb« 
peritonenm  opiM>nt«>  Utv  hinder  end  of  the  ovary. 

The  Wolfflaa  duct  persists,  Lu  front,  as  tlw  longitudiDal 
dnct  of  tbe  pnroTsritiin  (Fig.  240,  c),  inlx>  which  the  tninsvcreo 
tiibales,  0,  op<m,  ami  which  corresponds  lo  the  epididyinio  of  the 
male.  The  hinder  jnrt  of  the  WoIHian  duci  innally  disappi^rK. 
bat  it  may  persist  along  a  greater  or  loss  portion  of  ita  len^Ii  an 
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the  duct  of  Gai^rtnor, running  alongside  the  Fallopinn.  tube(rig. 
2  to,  c),  ftml  sometiiniw  cxluniliiij^  along  the  walls  of  lUe  ntenUj 
or  oven  us  Tar  an  the  rttgina. 

8.  l^e  Hzternal  Genital  Orguii. 

These  are  practically  idectica]  io  the  two  8ex«fi,  in  tbe 
early  ataye*  of  their  development;  the  difrtinction  between  nude 
aod  female,  as  n^ri^s  thu  «xt«rual  genit'itl  organs,  not  hviug 
evident  until  ulxiut  flic  ninth  or  tenth  week. 

At  the  end  of  thefilYh  wei'l:  (Fi^.  234.),  the  septum  dividing 
tho  rectum  from  the  uriuo-geuitJil  passa^re  has  almottt 
tLe  surface,  but  tho  two  pn»ing^-K  apparently  o|>en  hy  a 
cloocftl   nprrtnre.     ImmpdiHtMr  in  front  of  this  npertitre  is  a 


,^     ^ 
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FlO.  JSO.— Tlx-  i>it«m»l  i^iituliu  ot  a  llunuin  Embrjroof  nboDt  the  nliitir 
wwk  (fTobnblv  mtbt-r  y^tutiget).     (Ktinii  Kr>lllker,  •(Mt  E«k«r.)     •  3- 

t,  frultat  lulicrrK  ni  r1Itom'[*iiU,   /,  Ernorr.  fniiUauDM  «ttk  lirlBbrmltal  paiflV 
A/,  Idiln-aumbl  U\i\-.    H,  iiiubllla*]  uotiI.    i,  taMjjmi  nfb*. 

Pig.  2Sl  — The  ciUrnnl  (rrnilnlin  or  «  HmnaB  Embr^  of  aboitt  the  (tstb 
W(«k.     <Krom  KSlliliiiT,  allvr  Eckcr.)      x  S. 

a,   UIIU.    r,   lETilul    lulvrrtr,  or  rllUrD-liHilI.    /,    frlilUl   (IWre,  fOWIIMOW  (O* 
nilnii-KcniUl  ^innutr.    hi,  kblu-tODUl  IoUil    t.  cnaqrfl  mflia. 

Bmall  conical  projeelion,  ny,  the  gcoit«l  tubercle  or  clitoto-poiut 
The  iwfeterior  surface  of  tbi«  tubercle  is  marked  by  a  kjaff* 
tudinat  groove,  which  leads,  through  the  cloocnl  apertarr,  iat* 
ih«  uri no>getkitu1  pa«wigct:  tho  lips  of  the  groove  are  sJig^tl; 
swollen,  and  are  conlinuous  with  the  lipg  of  the  cloacal  opeDtsj. 
which  form  the  inner  Besuai  folds.  Tht-  tip  of  the  genital 
tuborcle  is  expanded  into  a  small  knob,  the  giant, 

A  little  Iat*r,  towards  tho  end  of  the  second  mooti,  Uv 
septum  betwei'n  tiic  urino-^nital  passage  and  the  ncbun 
loaches  the  surface,  diviiliiig  the  cloocal  apertiire  into  t*o 
aeparato  openings,  an  anterior  or  urino-genitjd  (Fig.  251,^')i 
and  a  posterior  or  nonl  (Fig.  251.  it). 

Up  to  tliis  binii;  thf  cottiBe  of  development  is  prncticallr  tbf 
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OHiie  in  all  emhryos.  but  From  about  tlie  tenth  wc«k  diBerancM 
become  apparent  between  tlit»  two  sexes. 

In  the  male,  thr  grnitol  tiibrrclp  vlongnti'S,  and  fornis  Ibe 
penis.  The  lips  of  tlie  gn>orc,  alonf^  tlie  posti>rior  surfiw«  orthe 
tubercle,  mt-et  and  fust-  lo  form  the  caiml  of  the  p(>t)is,  or  (leuial 
uretbrn  ;  and,  h\  a  similar  fusion  of  the  lips  of  the  iiriuo-geiiital 
opening,  the  pentnl  urethra  nui]  urino-gt'iiitnl  pnsngo  becODM 
direct))'  contintiouK  with  oach  other.  The  glnii^  [xmis  is  at  fint 
solid,  but  toimrds  tho  end  of  the  third  month  the  groure extendi! 
rorivard;s  alon^  it,  and,  f;nKliiai1;r  closing  frona  bebiod  fomardv, 
carries  the  opening  of  th<>  urethral  canal  to  the  npox  of  thu 
glans.     The  prepuce  appears,   towards  the  eod  of  the  Ihird 
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Fig.  !5!.— The  i>xl«mnl  gonlulift  o(  n  iniiU>  Iliimiin  GnibrvA  l^yicard*  ttte  Mill 
oi  the  third  nonth.    (I'rvuti  KiVllikct,  ii{t»T  KvIcft.) 

■kaiiaf,    r,  Mdi.  /.  r*fil#  [uniK-1  liy  uiiiKiiuI  lliHUl  aninBl  matCi    ¥,ari*.wm. 

KlO.  m. — Thm  ritciniil  )i<!nlt(Uin  of  a  fcnuilc  Itiimnii   Kmlirju  lonnl*  tho 
««(1  vf  ibo  third  iiwntli.    (Krvni  Kt>Uik*'r.  wfu-r  Evkcr.) 

a,  anniL    r.  tUinrli.  /,  ffnilal  fiDim.   ut.  aMi»ff«ilui  aiMMm    tl,  Iktto  »■)»■. 
■.  UbU  mliHink  ur  linir  (ciilui  hdil*.    t.  unxnol  ntCluii. 


inontfa,  as  a  fold  of  skin  ronnd  the  base  of  the  gUim,  aiid  ii  at 
liffit  intvmiptcd  ventrally  t>;r  the  Drethml  groove. 

Tbe  scrotum  is  formed  from  «  pair  of  folds  of  skio,  (bo  Inbio- 
Bcrotol  or  outer  g^aital  Miis,  which  arise  at  the  sides  of  the 
arino-g«nital  openinf^,  and  nltiniiitely  unite  witli  each  otbcr  in 
the  mpilinii  pliini*  Ivhiiid  tlie  penis  (Fig.  'i-tl.  hi). 

]n  the  female  the^nitnl  talMTclftreniainaanmlt  and  becomes 
the  clitoris  (Fig.  2'j3.  r)  ;  and  tbo  guoilAl  groove  reinaioa  open. 
Tbe  inner  genital  folds  (Fig.  25J,  n),  at  the  sides  of  the  nrino* 
geoitAl  (i[»ening,  Ixycome  the  labia  minora  or  nrmphee ;  while  tbe 
oater  genital,  or  labio-scrotal  (bids.  At,  become  the  labia  uiajora, 
and,  in  front,  the  moos  Vcnciit. 
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The  nrino-gooital  canal  sliortems  considerably  in  Uie  fenule, 
fio  as  Co  brinf;  the  A|)ertiire  of  the  nrethm  close  to  the  stafa/x. 

Tlw  ttlKtve  cliungus  arc  usually  coiupleteJ  in  bolli  sexes  by 
the  011(1  of  the  third  month  ;  Lut  they  may  be  de>laye<i  uucil  n 
much  later  date. 


THE   F<ETAL  MKMBllANES  AND  THE  PLACENTA. 

1.  T\w  amaioD  is  ttie  thin  tranRpftivnt  raeinbrsmt  wliicb 
invi-sls  thL-t-mbrvo  like  a  soc,  covcriug  its  dorwil  surfoce  and 
Bidc«  (.■/.  Kig.  197,  AX). 

The  moda  orroriiin.tioii  of  the  Aiiinion  in  the  haman  embryo 
has  uot  yet  been  dntcrtnincd.  Tn  Hcichctt's  ovum,  catitiinletl 
to  be  twelve  or  thiiteen  dnytt  old,  there  was  ao  trace  of  aa 
aiiiiiion  ppoaent  (I'i^.  172  and  173);  while  in  the  embrrM 
E  aiid  SK  {l''igs.  170,  17t^,  17'.t),  wbicli  are  believed  to  be  of  tlio 
thii'loeuth  day,  the  amoioa  is  already  fully  fomied.  Figv.  lb$ 
to  I8S  shnw  the  nioJe  iti  wliii'h  tht>  devt'Iopiiiriit  of  tlie  nniDioa 
is  belie%"ed  to  occur,  by  growth  backwards  of  a  fold  of  the  wall  nf 
the  blastodermic  reetcieover  Ihe  embryo;  but  the  figures  air 
purely  hypLitlmtioiil.  nnd  the  iut«rmediate  stages  which  llier 
repre^iit  hiive  not  been  seen. 

Of  the  tvro  la>-ers  of  which  llie  amnion  consists,  the  otstff 
one  (cf.  Fig,  188)  is  aiwply  n  purl  of  thiMvnll  of  iln'  hWtiHlMinii- 
veeiele,  and  it  is  usual  to  limit  tlio  tctm  amnioa  to  the  inrn-T 
layer,  which  more  immediately  inwsts  Ihe  embryo.  Thu  »\aff 
between  tJii«  iniuT  liiyei-,  or  amnion,  and  tbi^  vmbryo  u  epokcu 
of  as  the  anuuonic  cavity,  aud  i.s  tilW  with  flaid. 

The  i-ate  of  growth  of  the  ainnioii,  an  comiiared  with  that  of 
the  einbi^'o  itai-lf,  vnrii-s  considerably  at  diRnrent  pt-ricd^  of 
development.  On  its  fii-st  fonnntion,  uboiH  thir  thtrCi-euth  Jnj. 
th«  amnion  invests  the  enibn-o  fairly  closely  (Fig.  179).  Dui-- 
ing  the  third  week  the  amnion  i^rrows  rather  more  raiJidlj,  f< 
that  the  jtjiucv  between  it  and  the  enibrj'o  enlargca  eomewJat 
(Fig.  IPG).  Dm-injf  the  fourth  week,  as  at  the  corresponiling 
atagv»  in  the  rabbit  or*  chick,  llie  embryp  groivs  coiiwderably. 
aud  at  the  end  of  Ihe  week  tlie  mniiiou  inveiitd  it  very  cloecl)'. 

During  the  second  mouth  tbe  amnion  enlai^gi-s  much  mow 
i-apidly,  aud  tlie  amnionic  rnvity  becomes  a  spaoft  of  consider- 
able eiie,  tilled  by  tltc  Uquor  amnii  (Fig.  254).     Owing  to  litis 
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increafio  in  iU  dimensiciu,  tli«  amnion  forms  a  eheath  aronnd 
the  nmbilical  conl,  and  also  cotnen  int»  cln»t>  contnct  with  the 
wall  of  the  blastodermic  Tcoicleovertlicwiiole  extent  of  its  inner 
surface. 

'Jlif  liquor  amnii,  wbich  occupies  the  nmniouiccavitT,betwe«n 
tlic  amnion  and  the  emhrvo,  varifts  mucli  in  (jaantitv  at  diffurent 
prriixU  of  gL-ctntion.  It  i»  ftppnrontlj'  moitt  nbumlikiit  nlxmi  tho 
finii  or  eixUi  month.  Iih  uc-tual  quuutit^  is  diBc-ult  to  fix,  ae  it 
varies  greatly  in  different  canes  ;  when  in  excess,  i.e.  more  tlian 
aboot   l^  litre,  it  ronstitutt^s  tho  afTection    knowa  as  hydropi 

AnnU. 

the  liquor  nmnii  contaititi  turcA,  eepeciuUy  during  tba  later 
moittlis  of  g«s(atioii ;  this  a[)i>oar3  to  be  a  true  excretory  pi<o- 
<luct,  sepurat«d  by  the  kt<int.-ys  of  tJiu  fo^tiiB,  and  dii^cbargixl 
through  tbe  urino-genitnl  npertinv  into  the  amnionic  cavity. 

SlructomllT,  tiio  human  amnion  consists,  like  tJiat  of  th« 
rabbit  or  chick,  of  a  single  layer  of  epiblast  cells,  wipiwrtvd  oo  a 
thin  layor  of  niesoblagt  (c/.  Figs.  J  82  to  184).  'Hie  ineaobUwt 
cotuuta  of  a  homogmixiUN  matrix,  with  embeddod  cells  ;  while 
the  ^ibWlic  epithelium  ia,  according  to  Minot,  noteworthy  on 
account  of  tho  distinctnose  with  which  the  intoroellular  bridges 
of  protoplaj^in.  connectinfT  flu-  several  cells  witli  nne  aiiollifr,  can 
be  mode  out ;  the  lAmnduriw  Ijctwwn  adjnci-nt  cells  b<^ing 
Ibrmed,  not  by  divisional  planer,  bnt  by  lines  of  vacnoles, 
b(>tw»eu  which  the  protoplasmic  bmlies  of  the  cells  are  directly 
coiitiauons  with  one  another. 

?.  Die  TTmhUicftl  C«rd. 

Thti  nmbilical  cord,  whicli  connects  the  embryo  with  tlio 
phiC4>nia  (t'ig.  2&i),  is  fonned  in  the  first  instance  by  tbe 
allantoic  stalk  (Fig.  170,  !97,  Tz).  Thi«  stalk,  in  thp  hnman 
euliryo.  is  directly  ooulinuous,  from  the  iirst.  with  both  the 
embtyoaaJ  tbe  wall  of  the  blastodermic  reside  (E''ig8.  160  to 
168).  and  has  the  appeAr»iice  of  a  direct  prolongation  back- 
wanls  of  the  binder  end  of  the  embryo.  On  tbe  fommtion  of 
tbe  tail,  the  allaiilolo  stalk  is  gradually  dr!\'en  down  to  tho 
Tontral  snrface  of  the  embryo  (cf.  Figs.  179,  197,  IP8,  ti.  and 
T7.),  and  acquires  the  position  and  relations  eharactcristic  of 
It  in  rabbit  or  chick  cnibr^r'os  at  curresjKtnding  periods. 

Tlie  chief  purpose  of  the  allantoic  stalk  is  to  aflbrd  u  path, 
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Btw«eii   tlte  einliryo  and  the  tnotlier  at  as  early  a  period  aa 
poaaible. 

In  lh«  later  stages  of  devclopnient,  the  }'olk-.stalk,  or  pedicle 
of  tht-  yoIk-9ac  C^'K-  -■'''^'  '/)'  l't-ci-»»ifs  olo«e)y  aii|>lii?d  to  tlie 
allantoic  stalk,  and  bound  up  witli  it  in  a  sbcatb  r(jrm«>d  by  tLo 
tpreading  enmioa,  am ;  and  it  is  to  the  componnd  Htructnro 
formed  of  thcw  vkmcnta  that  the  name  uuibiticul  cord  is  givca. 

Tlie  ninbilical  cord  increases  conaidembly  i»  lengtli  during 
development.  About  tlie  middle  of  fj^tation  it  is  tmually  fi-oni 
13  to  'Z^  cm.  long,  nnd  from  H  to  1 1  mm.  thick.  At  the  timp  of 
birtb,  itc  aromgo  length  iu  froui  1$  to  liO  ctn.,  and  iu  ttiiokii<-44 
II  to  13  mm.  -  but  it  is  liable  to  very  gTMt  indiiHdual  varia- 
tions. U  may  be  us  itbort  as  12  cm. ;  or,  on  tbe  otber  hand, 
may  attain  a  tenglb  of  IliT  cm. 

Tlie  umbilical  conl  i»  almost  inTariably  twist«d  Rpirmlly  on 
ilsulf,  and  the  cau^o  of  this  twi^tin}!,  which  commMices  alwiit 
tbe  nuddle  of  tlie  second  uioiitli,  lias  bt-en  tbe  subject  of  much 
disciiseion.  If  cxnmincd  mora  cloitcily,  it  ii  found  that  all  tbo 
coostilnents  of  the  eord  are  not  twisted  to  tbe  name  extent  ;  the 
spirals  deacribed  by  tbe  allantoic  arteries  being  always  mom 
ODiDrroua,  and  closer  together,  than  thoee  of  tho  whole  oord,  or 
than  those  of  the  veins  ronnd  whirh  the  nrteriw  appear  tn  twisl. 
The  twiRttng  appenrs  to  Iw  doe  to  the  nllantoic  arteri<-s  iiicn;a»- 
iti^  in  lengtli  more  rapiilly  thnn  the  other  constituents  uf  the 
cord,  and  so  being  coni])elled  to  adopt  n  tortuous  in^trod  of  a 
Hlrnight  conrse.  The  nllnntoic  arteries  may  describe  as  many  as 
thirty  or  forty  complete  turiin  id  passing  from  the  ftctue  to  the 
placenta. 

Aa  the  gpimi  growth  involves  tbe  whole  umbilical  cord,  and 
this  cnnl  la  litPil  at  jtH  ptnrentnl  end,  it  ih  clear  ttial,  an  Ihc  ami 
twists,  the  embryo  must  rotate  in  rhe  liquor  aninii.  The  cord 
may  become  twisted  round  tbe  neck  of  the  foetus,  and  may 
pvcn  b»  tied  in  knots :  thew  knots  beitif;  prodiiciil  by  tho 
cord,  at  an  enriy  Ht«ge  i»f  (U-vcli>pni<;nt,  Wcomiiig  thrown  into  » 
loop,  and  the  embryo  then  floating  through  the  loop. 


6tractar«  of  the  umbilical  cord.  I'ho  fully  developed  umbilical 
cord  coiisLstit  ol'  ihii  following-  stnictiireA  (F'g-  -&*l)  ■ — • 

1 .  The  sheath  formed  around  it  by  the  amnion.  Utiii  invests 
tbe  cord  very  clcecly,  except  ut  its  insertion  into  tJie  placenta. 
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2.  The  right  nnd  left  allantoic  arteries,  ic  TLe«  »reBit»iIr 
quite  Oistiuct  fi-om  eacb  other  along  tJie  greater  part  oF  tKe 
l<rnfclh  of  ill©  cord,  Iiut.  jvipt  befon-  r«ftc)iin^  tliL-  placenta  an- 
uluiust  iavariably  united  by  an  anastomotic  braocb. 

S.  'J'lu'  nllautoic  rein.  Tliis  Ittw  thinovr  w-alls  tliaa  tli» 
»rt«rirK,  nntl  Iijm  nl»o,  accoixliiig  to  ICri1liker.rDclitiiPntarTVa)vi«. 
Tlicre  are  at  firat  two  ollaiitoic  voine,  but  the  right  one  is,  almost 
from  the  first,  amaller  than  the  left,  and  disappfiiri  completely 
about  llicfDurlb  Wfek. 

-I.  Tbe  epillielial  lining  of  the  allantoic  cavity.  Ouring  tim 
lirM  nud  early  ptvrt  of  tJiO  second  iiionlh,  the  allnntoic  ftolk  ia 
Uollon-,  iti!  canity  extending  ^m  the  cloaca  of  Uio  fiHus  alonjl 
tile  wliolf  length  nf  tlii>  cord,  a.i  fiir  as  the  wall  of  the  obfRU. 
Later  on.  in  the  third  or  fourth  month,  the  cavity  becomes  con- 
stricted, or  altogether  obliti-rated.  Isolated  portioD&  of  it  mav- 
bovrcver,  persist,  especially  at  the  proximal  or  f<rtat  end  nf  tiv^ 
cord,  up  to  tlie  time  of  birth. 

u.  "llif  yolk-»talk  and  its  %X'«ieU,  lJn:  vitelline  aiterie.  uA 
reins.  These  udunlly  disa]>|»ear  during  de%'eIopinent,  and  ok 
»R-kloin  to  bo  difitiiigtiii-IiiMi  in  the  cord  at  fiill  time.  The  wU* 
tititlk  at  first  lien  in  a  groove  in  the  allantoic  ntnlk ;  but  ii  totiO 
1i(<(.-oinea  coniplelely  Kiirroundcd  by  ibis  latter,  ami  then  ceaawto 
bo  dietinfjOiisbaUe. 

(I.  The  Whartouiau  Jelly  :  Ibis  forms  the  matrix  of  the  roni. 
in  wbicli  aru  embedded  the  Tai*iouB  etructures  described  abon*. 
It  consintitof  a  cotiipli-x  network  of  branching  coniu%liTe-liMV 
cells,  embedded  in  a  clear  gelatinouB  matrix.  lmmedial«K 
l>eneat)i  the  surface  epithelium,  and  nroutid  tbe  blood-veewb 
and  the  allantoic  cavity,  the  eoniiective-tieBuemesbwork  iaratlier 
denser  than  elsewhere;  and,  in  the  niatiijc.  tibrea are derelopei 
especially  during  tlie  later  niontlia  of  gi-station. 

7.  I'p  lo  tbe  cloee  of  the  third  month,  (he  end  of  llie  uoibilioil 
cord  next  the  embryo  contains,  as  already  iioticvd,  a  loop  of  lb" 
intestine  fl''ig.  '2oi,  i),  but  after  this  date  thealimentnrycADalts. 
as  a  rule,  completely  n'ithdrowa  into  (he  boily  of  the  fwlui^ 

3.  The  Cboirion. 

'Hie  te]-ui  chorion  has  bcco  used  ia  very  diflvruot  ucnta  bf 
wrilereouembr\'o!og]^.  It  ia  convenient  toetnplo/it  for  thatpul 
or  Ihe  blttittodcrni,  or  blastodermic  vehicle,  which  is  not  dinictll}' 
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concerned  in  the  formation  of  the  enibn-o.  It  is  usiml  to  excliiilo 
tht<  amnion  from  the  defluition ;  but  in  tho  case  of  tlif  huninn 
enibrjo  the  outer  layer  of  the  amnion,  or  "  fnlso  aniDion  '  ns  it  in 
commonly  called  in  other  \'ortebrates.  is  so  directly  continuoutt 
with  the  wall  of  the  vesicle  that  it  is  better  to  include  it  under 
the  i>ame  name. 

Thus  iu  lioichert's  ovum  (Fig,  171)  the  chorion  is  tht-  whole 
wall  of  the  vesicle,  except  the  embryonic  area,  u.  In  His' 
embryo  E  (Fig.  188),  the  chorion  forms  the  entire  wall  of  the 
vt'sicle,  the  embrjo being  now  depressed  within  its  cavity. 

It  is  the  chorion  which  comes  in  contact  with  the  walls  of 
the  uterus  (tig^.  -bi,  2oo),  and  it  is  fi-oui  the  chorion  that  the 
ftt'tal  part  of  the  placenta  is  di'\'oloi)ed. 

'Hie  human  chorion  is  remarkable  for  its  veiy  early  and 
complete  separation  fi-om  the  yolk-sac  (Fif^.  180  to  188);  and 
alco  for  the  very  early  j)eriod  at  which  villi  are  devcloiXHl  fmni 
its  outer  surface. 

Structurally,  the  chorion  consists  of  an  outer  layer  uf  epiblast, 
which  from  the  first  is  two  cells  thick ;  and  an  inner  and  thicker 
layer  of  mesobiast,  which  ^ciT  curly  becomes  vascular,  the  bhwKl- 
ve.5:?els  being  derived  fix>ni  the  allantoic  arteries  aiul  veins, 
which  reach  the  chorion  along  the  allantoic  stalk,  and  which 
are,  of  course,  directly  continuous  with  the  blood-vessels  of  the 
embrjo. 

In  Ueichert's  ovum  (Figs.  172,  173,  174),  the  villi  are  cun- 
lined  to  a  broad  marginal  zone  round  the  etjuator,  the  centres  of 
the  two  flattened  surfaces  forming  ban'  patches.  At  n  very 
^liglltly  later  period,  in  His'  embryo  F,  and  in  otheiuof  alxnit  Ihe 
thirteenth  day  (Figs.  170,  \tb),  the  villi  cover  Iheentin-  suH'aec 
of  the  chorion. 

The  chorionic  villi  consist  at  first  entirely  of  e)iiblast.  They 
arise  as  solid  buds  of  epiblast.  which  becoiiic  liollnw  us  lliey  in- 
crease in  size;  and  at  a  later  stage  the  niesobJuHt  grown  inti> 
them  along  lheiraxes,carn,ingtlii'  blood-vi-s,-i-ls  with  it.  During 
the  fourth  week  the  villi  giijw  aclively  ;  ihey  branch  freely,  and 
iu  a  very  in-egular  manner.  They  penitnite  (lie  ilet^idna.  nr 
modified  mucous  meuilirune  of  the  ut.Tus.  to  ii  ^Iight  depth  ;  but, 
do  not.  as  was  formerly  believed  to  lie  ihf  ra-<-,  gmw  nito  tin' 
uterine  glands.  They  l>i'come  allaehed  In  the  decidua  ol  liieir 
tips,  but  remain  five  along  tli>'  rest  of  ilu-ir  length.     As  in  lln-ir 
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Erst  sppcnrancc,  so  also  dnrin^  the  later  stages  of  tbeir  prowik. 
th«  e[iil!ielial  layer,  or  i-pibiast.  is  always  in  advunc*-  of  tht 
mr»obIii&tic  connective-tiesue  core;  tlie  villi  prwootJng  iMrm! 
proceosea,  or  knobs,  caused  W  lt>a»l  thickenings  of  tlie  pprtlw 
liam,  into  whicU  at  a  lat*-*r  stage  iIil-  vascular  connect  i*B  liwui* 
pcnetnittw. 

The  villi  ore  at  first  of  imifbrro  sze  over  tbe  whole  surface  rf 
thecbopion  (Fig.  188);  buttownrdstlieendoftJieBecouiliniinlli, 
or  early  in  the  tliirtl,  ihejr  begin  to  develop  unequally.  OpposilB 
(lie  decidua  aeixititiiL,  or  pnrt  of  the  uterine  wall  to  which  lia 
ovum  iH  diructly  attached  (Fig.  2ol,  (fci),  the  villi  inenw* 
greatly  in  size  and  in  coniplexiry,  forming  ultimately  lh«  firtul 
part  of  tho  pliiccuta.  Over  tlie  n-st  of  the  suriWe  v(  the  clorimi, 
oppo»itc  thit  dfcidua  ii-fli-xn,  dr,  the  villi,  on  tlif  coiitniri*,  iKfjjin 
to  sbriiik  ;  the  blood-vessels  which  supply  them  undergoing  tf 
tlie  aaine  time  a  gradual  diuiinution  in  size. 

In  this  way  a  distiiiL-tiou  is  establi^hixl  belM'eea  the  i&irin 
firottdosum,  o]»positi'  the  decidua  sepotina,  which  is  wry  vnwolat, 
and  h'^'-i  wiilt  cKiscly  plact-d  and  richly  branched  villi;  aniilht 
chorion  Iseve,  tipposite  the  decidua  retlexa,  wliidi  i»  atliiBtran*- 
poront  iiicnibmne,  with  no  blood-Vessels,  and  connected  wilh  ll' 
deciilwa  twilexa  merely  by  a  few  scattered,  slightly  braDrlir*!,  unl 
incoDspicuous  villi.  By  ibe  end  of  tlie  fourth  month,  iW  'iS 
of  the  L'iiorion  lieve  have  almost  completely  diaippeared.  esce|i 
from  n  iinrmw  frinnf  round  ibe  inori»iii  of  the  placenta,  nbert 
they  persist  uotii  the  close  of  gestiition. 

Up  bo  tbe  end  of  the  third  month,  tho  villi  can  Im!>  futlf 
renrlily  withflmwn  from  tlw-  crypts  of  thn  decidua  in  which  tbf 
aw  lotlgcil,  and  the  fictal  and  maternal  stnictures  thus5^panM 
fivm  eiich  other ;  but,  after  the  placeuta  is  definitely  establixkfJi 
the  connection  between  tho  fcDtal  and  maternal  element*  becMBS 
80  intimate  that  complete  separation  is  no  longer  pmcttcablc. 

Tho  epithelium  of  thu  chorion  frondosum  undergoes  mytf 
fiiiit  chnnpf-ft  diii-iiig  till-  Inter  montlix  of  geatation.  Of  the  two 
layers  of  cella  of  which  it  consisUi  from  tbe  first,  the  inwr 
or  deeper  layer  becomes  thickened  in  irregular  patches,  iff! 
varinlile  in  iiiinib«.T  and  in  size;  tho  individual  ceJla  ar»  bJ«9 
very  irregular,  and  show  signs  of  degenerative  changes.  TV 
outer,  or  surface  layer  of  epithelium  undergoes  more  exteaw* 
changes.     The  cell  boundaries  become  loet,  and  tho  cell  bc^ 
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rnn  tosctlier  to  form  n  <1onsc  vtrntmn,  in  wbich  this  nucVi  ivmnin 
visible  for  a  tii>i<> ;  ultimately  the  nuclei  (l)3appt>Ar,  nml  ttie 
vliole  lnyE!r  becomes  inoclifit^d  into  a  hyaline,  itirj  refractive 
substancv,  permeated  by  iiu>nt.Tgu»  chaunch,  iw  as  to  present 
a  reticular  BpiwoniDci-,  iiml  abwrbiiig  Htjiiniiig  rengenti^  vi-ry 
readily.  This  stibHtance.  formed  by  dtif^ener&tioa  of  the  Burfkce 
ppitlii'lial  CL-llii  of  th«  chorion,  \\ns  lK>ei)  deiHcritwd,  before  its 
opitlielial  origin  was  known,  ns  oftn&llKd  flbrin. 

Ovor  the  riUi,  the  deeper  or  cvUutar  layor  of  tho  cpitheliani 
di<appp»rH  in  f^reat  part,  pLTsiatiDg  oniy  in  isolxtfd  patclies. 
Ilic  Murface  celU  lH-coine  converted  in  frreat  jiart  into  a  fibiiu 
layer,  similar  to  that  of  tho  chorion  frondofimn  itself. 

Id  the  chorion  licve  the  epithelium  relaioB  its  cellidar 
character,  and  no  fibria  layer  ih  formuil. 

4.  Th»  Deddna. 

The  decidua  i«  the  mucous  ini>mbraae  of  the  pre>giinnt. 
uti<ruD.  The  early  stages  in  its  fornifttion  nre,  90  (iir  as  they 
arc  known,  identical  with  tho^e  by  which  the  catunetiia)  or 
mi'iiotruid  d<^-iilna  is  formed.  The  uiucons  iiiembnuw  becomes 
thiclc>-r  and  nior^  P"'py  than  in  its  quie«cent  condition  ;  the 
hIuod-ve»«ids  t-iilnryt? :  the  jt]»ii(U  eIongat«,  and  Iheir  deeper  ends 
become  tortuous  mul  dilnti-d ;  the  deeper  port  of  ibft  niucosa 
becomes  cruwdinl  witli  iii<>difie<I,  and  appuvotly  proliferntiog 
Conn»Krtivt^lii«ut>  ft'lls;  and  the  surface  Bpitfaelium,  lining  tlw 
uterus,  together  with  the  immediately  underlying  coniiectivu 
tissue,  show  n  ti'nd&ncy  to  diMintegrato. 

Up  to  this  {Kiinl,  the  formalion  of  the  cntamemal  decidiia  and 
of  the  drt-idun  of  pregnancy  appear  to  Itc  identical ;  the  sole 
diOerence  between  the  two  is  that,  iu  the  fonnor,  the  proceates 
having  reached  a  certain  point,  «top  and  then  become  retro- 
grcMiive,  the  dccidoa  being  bruken  up  and  dischai^-d,  together 
with  a  certain  amount  of  blood,  a»  the  tucnatrual  fluid  ;  while, 
flo  llie  other  hand,  in  the  case  of  the  deeidiia  nf  pregnancy, 
derelopDient,  after  reaching  tlio  point  meutionvd.  doM  not  stop, 
but  proccedi!  to  further  stagM  of  elaboration. 

Th»-  difference  between  the  two  courses  seems  to  dei>end 
•olely  on  the  presence  of  a  fertilised  ovum  within  the  uterus  in 
till'  latter  ca«j,  and  on  the  absence  of  such  an  ovnm  in  the 
former;  *o  that  the  catamcmial  decidua  muy  bo  viewed  as  ft 
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prepantion  on  td"^  part.  oPdip  uu^me  for  an  ovum  w^' 
renchea  ifcj  tW  d«;i<lua,  «ft**r  waiting  «  certnin  tim*'.  _  . 

brolcen  up  and  ili»chargi.-d.  If,  faown'eriimpn-^ntioii  t»i>flKlifi]. 
and  a  frrtiliKed  ovum  renflios  tlie  uteriL«,  »  new  ptinitilni^  i*  tri 
np,  ftnil  ihe  developmental  procpssw.  instead  of  6to^lp^IIfr.  go  « 
to  farflicp  8tnge8,  »im1  so  give  riw  lo  the  dccidaa  of  pregtianw. 
Prior  to  till'  nmval  of  lliv  ovum  in  the  ulornc,  th«  ili-ciJo* 
fortnx  a  complete  lining  to  flie  uteros  It  does  not  cover  t^ 
oritioefi  of  t]io  Fnllt^pian  tnbr»  (Fig.  2o4).  which  ivmun  o|»ii 
(Iironjrhout  tlic  gn-alfr  part  or  the  whole  of  prrgnnncr  ;  n^ilJier 
docs  it  oxieud  into  the  c«rvix  utcn,  Itut  slops  NbrnpUr  nl  tfcr 
0*  tntenium.  With  these  exceptions,  the  decidua  forms  a  taypi 
of  approximst^ly  aniform  tliiclcnpss  mid  strnrture,  coreriBi;  oU 
parte  of  llio  uturino  wall. 

It  M^mH  to  Iw,  to  a  great  extent, «  matter  of  cliuncD  witli  wlint 
part  of  the  uterus  tjit-  ovum  will  come  in  conlitct,  on  entiTit.' 
oiTity ;  iiikI  it<  is  therefore  important  that  nil  parts  of  tbe  su.t^' 
sliould  be  cxjuallj-  pn.>p«retl  to  receive  it.     In  the  great  majority 
of  c&'i'T^.  the  AttAchment  of  the  OTom  is  in  thn  Deif;IilK>nrbood<if 
the  fiiiidas,  uauully  rather  to  une  side  of  the  mmliiui  linp,  and 
tnoro  frequently*  on  tho  dorsal    than  the  ventral  surface.     It 
mnv,  however,  \»  ^itunlcd  in  almoel:  any  [inrt  of  the  iitenis:&ii(l 
its  position  may  become  u  jvoiut  of  much  practical  irnponrf  ^' 
Rrcoiani  hs»  suggested  that  the  ovum,  on  euttTiDfi;  the  v.i  ■-  - 
is  pn?venti-<l  (rom  at  once  sinking  to  tho  cemx,  by  tlip  Sniii 
ft<>creted  by  the  utricnlar  gUimls  of  the  utents,  and  that  it  flotti 
on  the  Miri'ace  of  tbis  fluid,  unltl  it  CDtUAt  in  contact  nilh.  aod 
adheres  to,  the  wall  of  the  nteras;  the  actual  jiluoe  of  coutaot 
would  iu  tltis  caea  vary  considerably,  according  to  the  amauot  of 
fluid  iu  the  nti>nis  nt  tho  time. 

The  younge*t  ovum  yet  found  In  fittt  within  tJie  btnou 
uteru«,  that  described  by  lleicbert,  was  not  Hiniply  nttnchrd  (A 
the  decidua,  but  completely  embedded  in  t,hi«  ('•/.  Fig.  17i):  a 
rolalioD  wliich  is  retained  throughout  the  whole  period  of  gnta- 
tion  (Fig.  2-JV). 

TliiTe  has  been  sunie  discussion  as  to  the  mode  in  whtek 
this  cDcapsuliDg  of  tho  oTam  is  brought  ulxiui;  there  an  o> 
direct  observations  on  the  point  in  tho  case  of  humiui  embryo 
but  the  fact  tbtit  flift  o])eiiing«  of  the  uterine  glands  occur 
both  surfaces  of  the  eucapsuling  layer  of  the  decidua,  tc 
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■tn]  to  otlii-r  ifntnriiiil)!.  iv[uU>r  it 


III  rf»gn«l  to  otlii-r  .Mnintiiiily.  ivr 
pmctic'iilly  certain  tliat  tlie  vievr  first  adv.ineod  liy  Sliarpey  lit 
comet,  and  tliat,  iiiiinedtnteh'  nfler  tiie  ovniii  has  attached  ilself 
U»  the  uterioe  wall,  the  Uecidua  gruw-s  up  a»  a  fold  aronud  and 
over  it,  so  as  to  fDciip)>ule  it;  tbo  objecrt  Iwing,  piirtly  tomamtaia 
the  oiiini  in  contact  with  the  uterine  wall ;  and  partly,  perbaps 
mainly,  to  provide  an  increiieed  exipiit  of  vascular  giirrucL*  froui 
wliidi  tho  embrjoiiic  villi  can  draw  outrimcnt. 

tV  fold  of  tbo  decidnn  which  incIosM,  or  ('ticafsult's.  the 
ovatn  is  spoken  of  us  ttii>  deddoa  reflexBi;  it  i»  at  fit^t  very 
ttiin  (Pig-  i7-j,  DX.ood  Fig.  254,  dr),  but  it  ba»  Ibo  «tine  struc- 
ture ns  the  other  parttt  of  the  decldua.  In  its  early  sta^jt  it  is 
exceedinj^Iy  vascular,  the  vetu^ls  coiivoT};io(!  from  its  mari^u  to 
a  email  patch  of  a  cicatricial  appearance  on  it«  tnoat  protniaL-nt 
pnrt,  which  prolmbly  indicates  the  |xiiiit  of  meeting,  and  fuBion 
of  the  folds  \iy  which  it  is  formed. 

The  part  of  the  decidua  to  which  the  ovuni  is  dirtctty 
attached,  and  from  which  the  dwidua  reflexa  is  dtrvetoped,  w 
cnllwl  thi-  decidua  serotina  (Fiff.  17."),  nw,  mid  Fig.  '2o4,df); 
while  thi>  tt^rm  decldua  vent  is  giwn  to  th»  whole  of  the  n>st  of 
the  decidua,  which  Une»  the  cavity  of  the  uterus,  but  hu  no 
direct  relation  with  tfio  rmbryo  (Fig.  1 75,  DV.  and  Vig.  '2b-V,  dv). 

The  deciduA  veni  plays  no  part  in  the  noDrishnient  of  tlm 
embryo,  and  during  the  latter  half  of  pr^naiicy  becumes  grrntly 
reduced  in  thickness,  aud  undergoes  drgeneralive  changes ;  that 
it  should  bo  formed  at  all  is  due,  as  already  noticed,  to  the  fact 
that.  a-<  it  i»  quite  uncertain  witli  which  particular  jurt  of  the 
ntmno  wall  the  ovum  will  come  in  contact,  all  pnrtit  must  bo 
rvady  in  the  tint  instance  to  reeoive  it. 

The  fact  that  the  decidna  vera,  tbongh  lining  the  grvater 
part  of  the  ut«ni«,  tnkcs  no  share  lu  tbo  nutrititiD  of  th?  era- 
lirvo,  and  after  attnining  n  certain  sHuge,  fintt  sto))^,  and  tlifu 
undergoes  retrograde  ilevidopmenf.  renders  the  eora|>arison  be- 
tween the  tnenfltnial  decidun  and  the  decidoa  of  pregnancy  a 
still  clofrr  one  ;  it  further  hirlp»  to  render  intclligiblo  tbo  not 
very  uncommon  cs^ea  in  which  mentrtraation  take*  pbce  at  leoit 
unco  all^r  cooception  has  occnrred  ;  and  also  tliose  mnclt  rarer 
cases  in  which  it  has  been  stated  to  occur  regularly  throaghont 
tile  greater  piirt  or  even  the  whole  of  pregnancy. 

The  decidua  rellexs  and  decidna  serotina  ore  at  fimt  of  rtty 
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UiAt  of  the  Tit«nia  as  h  wIio1i>,  and  in  oonsoqnetici}  the  decidaa 
nflexa  iiltimntelr  ronif.'f  in  rnntnct  with  the  dcctilitn  vera,  and  so 
completely  oblit<!r«te»  tlif  atviiy  of  tlie  uterus  (rf.  Tig.  •2-'i  4).  TTii* 
nsually  occnm  fibout  thB  nixth  month:  the  twro  layers,  deoidua 
Nflaxa  and  decuhia  vera,  sre  penerAlIy  described  a«  nob  only 
comiDg  in  contact,  bat  an  fusing  niuro  or  Ivu  <romplctely  toother, 
M  as  to  fonn  a  cittglr-  memhrane;  hut  accortlinf|f  to  Minot's 
obMrTitioos,  the  deridua  rpflexu.  which  curly  uudergoes  degene- 
rative changes,  i»  entirely  abiwrbed  by  tlie  sixth  month,  so  that 
tlio  diorioD  coraoe  into  contact  with  th<^'  dcciduit  vers. 

So  long  on  the  tit<>rine  cavity  reni&iu!i  an  actaal  one,  ».«.  ap 
to  the  tiioe  when  tbo  chorion  meeta  with  the  decidua  wrn,  there 
remains  oo  open  pasmge  from  tlie  vaginn,  throogli  the  ui<.tii!i  uid 
•long  the  Fallopinn  ttiho,  to  the  ovan- ;  and  it  in,  at  least  theo- 
retically, possible  for  RpertnatORon  to  reach  tba  c^-ty,  and  lor 
what  iH  t*'nii»'d  siiptT-fictaiioD  fco  occur. 

Ilia  deoiduft  tM>roti»a  ifi  simply  th(^  part  of  the  deeidua  vrith 
which  the  impregnatod  ovuni  comoa  in  contact,  on  entering  the 
ut«ni8,  and  tfl  which  it  ndhfircs ;  and  it  is  at  first,  tiierefore, 
identicnl  i«  Htructurn  with  iln  d<^cidun  vcm.  It  verj-  early, 
however,  noquires  special  charnctera,  ovring  to  the  chorionic  villi 
of  the  ovnin  becoming  infiinntely  coiinectf^  with  it.  For  some 
time  longer,  the  d(>cidna  Eerotiim  aad  decidua  reflexa  still  retDain 
clotMjly  similar  to  each  other;  but  towards  the  end  of  the  second 
month  (Fig.  254),  the  chorionic  villi  opposite  the  decidnn  rp- 
flexu begin  to  diminlsb  in  Mse  and  importancei,  and  to  ahow 
signs  of  dcgonomtire  changes ;  while  those  in  connvclioa  with 
the  decidua  sypolina  becowe  much  larger  and  niorv  (.tim|)licnte8. 
Thi'  relations  between  the  ftetnl  yilli  and  the  maternal  tisanea 
become  still  more  intncttte,  and  gradually  the  complex  and 
olabomte  otractare  of  the  fally  formed  placenta  is  acquired. 


Viitii  regard  to  tho  detailed  chnngea  that  take  place  iu  the 
different  parte  of  the  decidua  during  pregnancy,  our  knowledge 
18  still  imperfsct  in  many  importimt  ret(i>pctti. 

Id  tba  region  lined  by  the  deddaa  vera,  the  moooua  mem- 
brane  bocomi^s  greatly  tbiclciinod  ;  and  the  uterine  gl&nda  be- 
come dilated  and  elongated,  and  acquire  exceedinjfly  tortuous 
coann.     By  the  end  of  thtt  fitUi  mouth  the  mucous  membrane 
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isneftrlyhftlfan  inch  thick.  TKe  snrface  layer,  about  oop-f'mrtli 
of  the  entire  tlilckuesa.  i»  sipoken  of  as  tlie  ■tratuin  compactoiD: 
in  it  the  {;Uiid  tubee  rcniain  comparatively  Gtrsigtit  aod  nanow, 
while  iu  thc«  inUrgliiiidular  tisaut^  tiumbent  of  larg«,  v]Mt.be)!itin- 
likey  decidual  cv\h  uppvar,  appur^Jitly  rormed  by  modificaUon 
of  connectivo-tisBuo  corpuscle*.  The  dwper  tbree-fonrUis  nf 
the  thick[i<-«)t  of  Ih^  mucouD  iDi'mbrnnc,  or  ttratam  >pongiMiis. 
has  B  diB'tfruiit  struttui-e',  the  ^^laod  tubes  bt-ing  grfatly  Jilitudj 
tknd  very  irregular  in  shape,  aiid  their  lining  epithelium  ooiul^H 
ing  urtliitU'ii^tl  or  ciibimi,  in  pliici?  of  columnar  ix-\la, 

Atler  the  fifth  month,  by  nbich  tine  the  chorion  hu  idcC 
with  the  decidna  vera  so  ns  to  obliterate  theOTity  of  the  ot«nu, 
the  dccidiin  vcm  gruduully  boooincs  thinner  and  leas  nocalflr. 
and  undergoes  degenerative  changes,  leading  iiltbnatolr  to  t^ 
almost  cnnipletie  disappenranoe  of  the  glands,  with  the  exceptida 
of  their  deepest  or  outermost  cndB. 

Tb<i  deoidoa  reflexa  goifn  tJirmigh  chnnges  of  a  very  similar 
kind :  the  glands  first  become  dilntt:^]  and  lengthened,  and  then. 
as  the  deoidna  reflexa  becomes  more  and  more  ditf  coded  throujfii 
the  enlargemeut  of  the  cliorionic  voDicle,  the  glandi)  gradukllT 
atrophy,  and  the  entire  layer  degeneratea,  and  ultimately  con- 
I)lctcly  d!^appl■a^9. 

In  tlie  deoidoa  saiotina,  from  which  the  maternal  portii 
the  pincentA  in  formed,  the  changes  hav«  been  followed  in 
detail,  but  are  still  only  impfrft-clly  Ininwn.     Ther«  is  the 
dirision  into  two  layers  as  in  the  dccidua  vent:  (i)  an  inner 
8a]}erficial  layvr,  from  which  the  surface  epithelium  and  all  tncn 
of  the  nterina  glands  dii».)t{)pnr  entirely,  and  in  ifhich  deodnl 
a;lls  are  developed  in  lai^e  numbers ;  and  (ii)  an  outer  or  deeprr 
Ihyer,  in  which  tho  gland  cavltiea  remain   us  irregular  cUAs. 
from  which  Ihe  ppithflium  hns  disappi/amd;  except  in  the  rrtj 
onterniost  layvr,  in  iimnmUuto  contact  with  the  muscnlar  will 
of  the   ut«ruH,  where  the  outer  or  blind  ends  of  the  gtandf 
ppreist,    gi-estly    wimppcseed,  but    retaining    their    epilbehaa. 
It  is  fmni  these  outer  onda  of  the  glands  that  the  epitluliti 
lining  of  the  uterus  is  regenetrutcd,  after  the  eeparatioD  of  llie 
placenta. 

'i1ie  further  c1ian<^  tliat  occar  in  Die  decidna  SMOtins,  uJ 
more  especially  the  reflations  of  the  blood-vesM^  are  deaciibel 
iu  the  next  section. 
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b.  Tbe  flaMnta. 

The  fully  formed  ploceDta,  at  cJie  close  ofgestatioD,  is  a  (lis- 
coidnl  or  CAke-ebaptxl  bofly,  of  spougjf  consistency,  uea&uriug 
from  16  t«  21  cm.  in  diftineU^r  nnrl  .S  to  4  cm.  in  thickness.  It 
is  sUocbed  to,  or  rathi-r  forms  part  of,  the  inner  wall  of  the 
iiteru»  ((•/.  Yiff.  254),  and  to  its  luner  or  free  Burfuce,  usually  a 
littld  difltenco  from  its  cmitre,  the  umbilicul  cord  is  nttach<-J,  thu 
opposite  end  of  the  cord  b^ing  cnanected  with  the  fcetus. 

Tbe  placentu  cousists  of  outer  or  maternal,  and  iiioer  or 
ftetal  layers,  derived  respectively  from  tlie  decidaa  serotina,  and 
from  the  chorion.  The  distinctloD  between  the  fa<lal  and  the 
maternal  elements  i«  caeily  made  in  the  early  stages  of  derelop- 
ment;  but  ill  ihe  fully  fonnfd  pliu'f^nta,  owiiigto  thr*  inlricncy 
of  the  relations  between  the  chononic  villi  and  the  maternal 
blood-Tessel?,  and  the  profound  htHtologicnl  moditicatioos  wliicb 
almo«t  all  ports  undergo,  it  Ix-comfB  a  mutter  of  tlio  givatc«t 
diffiealty  to  determine  the  real  nature  <it*  tlie  several  structurea 
met  with ;  and  there  are  importaat  ]x>iati^,  more  egjteciftlly  in 
regard  to  the  lelationB  of  the  maternal  hlond-vcflscls,  on  which 
onr  knowlodge  Htill  n-uiniiis  im]M}rfect  nml  unKnti.->rnctar^'. 

.The  placenta  coimJHta  of  tliree  chief  layers  or  strata :  (i)  an 
inner  layer  formed  by  the  cLoniiii ;  (ii)  an  outer  layer  formed 
by  tbe  deddus  serotina,  or  modified  mucoas  membrane  of  tjje 
tttoros ;  (iii)  a  middle  or  intermediate  layer,  which  is  much 
thicker  thiiti  the  utlier  two,  funning  fuur-tiiths  or  mon'  of  tlie 
entire  thickness  of  the  placenta,  and  wliich  consists  of  the  intri- 
eatoly  bnuich«t  fecial  villi,  together  with  the  maternal  siiius«fl 
with  which  tbeite  arn  in  relation. 

Of  the^  three  hiyers,  tjie  inner  one  ts  distinctly  fcctol,  and 
the  outer  one  mat«mal  in  origin  ;  the  middle  layer  is  fietal  aa 
regards  tlio  villi  themselves,  but  the  precise  relations  of  the 
maternal  veHHsls  ore  still  undfcidiil.  This  middle,  nr  villoua 
loae  is  the  charuct eristic,  and  the  functionally  acli\'e  part  of  the 
ploceuta.  At  the  margin  of  the  placenta  it  thins  out  and  dis- 
appears, and  the  inner  and  outer  layers,  chorionic  and  deciduol, 
come  into  contact  with  each  other  in  the  region  of  tlie  decidua 
ri'flexa. 

The  inner  or  ohonooic  layer  of  the  placenta  lias  already  been 
described  (pp.  tiOl  to  605).  TheamnioniBclosuly  united  with  its 
inner  or  free  snrfoce  over  its  whole  extent.     Tlu-  outer  enrfaee. 
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towanUtlif  vill<ni»  Kfttie,iscliaracterifi«cl  by  the  prosenw  of  patdie* 
of  the  siib»tAiK-»  Hpuken  of  as  canalued  tilirin,  iiii<]  showo  br 
Miiiot  to  be  prodiioed  b;  a  pncatiar  mode  of  dogonunitioa  of 
the  siirfaco  pp!th«lml  cl-IU  of  tl)i>  chorion.  Round  the  margin  of 
the  pUcftnta,  the  diorinnic  and  decidual  Uyers  ni-o  so  intimately 
fnxed  tliat  it  is  impossible  to  make  onta  Imimdary  line  between 
tht^-m  :  tliB  decidual  cells  invade  the  chorion,  nud  tlie  two  Uy^n 
Hiidrtrf^  dcgi-nonitivrt  c'mnfrfis  i»  Cfiamoii. 

The  onter  or  decidaal  layar  of  the  placenta,  f{>rui(Ml  by  the 
deridun  Herotitm  (Fig.  -■>!,  ^),  is  aboat  )'5  mm.  thick,  und 
shiiivs  the  same  difltia(?tion  into  innor  or  compa*^,  nnd  oiit«rar 
Bpoiijry  layers  nl  randy  noticed  in  the  decidua  vem.  Both  lByt»ri 
coniain  very  nnmproiis  dmdniil  ccUk,  formed,  na  clsewhppc,  by 
ni'Mltficiition  of  comi«;tive-t5B«ne  oelU.  The  decidual  cell.-*  of  tbe 
compact  layer  are  smaller  and  more  cw>wdc^d  than  those  of  the 
spougy  layer.  Their  actuftl  size  varies  very  greatly,  aud  the 
largest  ODue  may  contain  ns  many  as  ten  tiuclei. 

The  aterine  glands  have  disappeared  from  the  compact  layer 
of  thy  decidua,  but  their  outer  or  blind  ends  persisf  in  th* 
Hp«)n(ry  layer  as  irregular  alit-Hko  cavities,  filled  for  the  most 
part  with  fine  grnnular  mattor,  und  nttaining  in  plaoee  tlieir 
lininjr  of  glandular  epithelium.  The  outer  surffwe  of  the  sjwngy 
layi^rin  closely  united  with  the  muscular  yrnll  of  the  ntonu  ;  and 
groajw  of  decidual  colt«  may  penetraU)  between  the  ranscle  fibrw 
at  plaeOB. 

The  middle  or  villoos  zoq«  of  the  placenta  ia  much  the 
thickest  of  the  three,  and  is  also  the  most  importout,  Mul  tlie 
tuoat  complicated.  It  inny  be  dt-xcribedj  roughly,  as  a  hoge 
sinus  filled  with  maternal  btnod,  and  divided  up  into  n  lahyrinti 
of  intercommoDicatitig  loculi  by  a  fmmework  of  fibmns  baotb 
und  {>artifiona.  which  mn  across  between  the  decidual  and  cho- 
rionic walls ;  thn  loculi  bciiif;  occupied  by  forottte  of  arbore«ceat 
villi,  which  arise  from  the  chorionic  wall  and  are  richly  napplied 
with  capilhiries  derived  from  tlie  aUantoic  venwils  of  the  foetus. 

Tlie  villi  branch  extraordinarily  freely :  their  Bteni»  arisie 
from  the  chorion,  and  the  majority  of  tlie  branches  «ud  freely, 
bat  many  aro  attuclied  trither  to  tbo  utcrinv  decidua,  or  to  the 
partitions  fiepnratinjf  tlie  loeuli. 

The  foDtalblood-veatela.     I'he  blood  is  carried  fVom  the  I 
to  the  placenta  by  the  two  allnntoic  arteriea,  which  run  in 
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^^pntanoe  of  thr  umbilical  cord.  On  reacliiiik'  the  plooouta  die 
Hkeriw  brniicli  fiv«ly,  atid  verj-  irre^lm-ly ;  the  branches aprend 
over  Ih*  Burfafe  of  the  jilaceDta,  between  the  amnion  nud  the 
ohoiioD,  and  dip  rnlher  ^iiilik^iilv  inUi  tho  snbetancp  of  the 
placenta.  Within  this  the;  branch  freely,  and  njipruiich  tho 
iit«riitt»  siirloci'  of  tlie  placenta  by  «  series  of  t(>mice-like  steps, 
spteadiQi;  uul  horizuatullv,  and  thcu  dipping  HmldeDJy  towurds 
tiie  surface,  two  or  tliree  tinier  in  ttucctvtition  ;  utt4malt>lj  they 
«tit«r  the  rilti,  and  folloir  their  branches  to  their  gnest.  rami* 
ficattons. 

Tho  cupillarleft  of  the  villi,  into  which  tho  arttrieB  filially 
paao,  are  variable  in  diameter,  and  exhibit  im.-j^id(ir  dilatations 
and  constriciionB;  their  avom^e  sizo  is,  however,  very  large,  as 
they  frcquciitly  admit  from  'four  to  six  red-blood  oorpusclee 
abraaat. 

The  capillaries  nnite  at  thpjr  fiirth(»r  ends  to  form  veins, 
whicli  follow  generally  the  same  pnths  a»  the  arlt-rieu,  and  finally 
leave  the  plocL-nta  m  tho  allantoic  vein,  which,  running  along 
the  dtubilical  cord,  retaras  the  blood  from  the  placenta  to  th« 
foelna. 

The  foetal  reeseU  thus  form  a  closed  set  of  blood-vctsvls, 
which  have  proper  wuIIh  of  their  on-n,  of  the  usual  rtnicture, 
along  their  entire  courne,  and  which  tihow  no  special  poca- 
liaritieB  except  the  lar^  sise  of  tlie  cupillanitu  in  the  villi. 

The  maternal  blood-vewela  are  derived  directly  rrr>in  ihd 
nterine  art«rit.>:<  and  veins.  The  arteries,  which  are  of  com- 
paratively small  Hize,  run  witb  u  very  tortuous  course,  from 
which  their  iiaine  '  curling  arteries  '  is  derived,  through  both  the 
apufigy  and  Comp*ict  layers  of  the  decidas,  and  open  Piiddenly 
into  the  great  sinuses  or  loculi  of  the  placenta.  From  these 
sinnscs  the  bloud  Is  returned  by  veini),  which  run  very  obltquely 
through  the  decidna,  and  eventually  join  the  veins  of  the  muscular 
wu.ll  of  the  nteros. 

Tho  ftetal  villi  nre  thus  bathed  by  a  slowly  moving  stream 
of  raatemol  hlootl ;  and  tlie  n«'<.-ie9iitary  nutritive  and  reiipimtury 
inlerchangeH  tnusl  be  eflected  in  this  middle  or  villous  «Hie  of 
tlip  placentA.  Nothing  is  known  aa  to  the  exact  mode  in  which 
tlie*e  on'  carried  on  ;  wlK-tlier  by  eimplc  difluiiioD,  or  whether 
aided  or  modified  by  active  |ULrticipatioB  of  epithelial  or  .ither 
cellular  elements.   The  otte  thing  that  is  quite  clear  is,  that  in  Ibe 
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placenta  tbe  fcetol  and  maternal  blood  (Streams  are  kept  apart', 
aod  tliab  DO  actud  mixing  of  blood  fruin  Hw  two  eourcrs  eaa 
oocar. 

Tli(>  tvul  iiiiturd'uf  thesiiiTiseit,  orloculi.in  whicli  tli^iiiatE-mnl 
blood  lies  has  been  much  diecac^cct,  and  is  not  yet  detennined 
with  ccrtiiinty. 

It.  waa  rcirmerly  lield  that  tliay  are  produiwd  by  enurroona 
dilatation  of  the  capillaries,  which  normally  oonu^  tho  utt^riofl 
ftrterivs  and  veins  together;  and  Walduyor  faoe  shown  that  Uirt* 
RinuNos  hav«  «  distinct  cpith^liftl  lining,  ooQtinnons  with  th&t  of 
the  utcrinp  vessels. 

K^jlliker  uid  Latighans  point  out  that,  on  the  ftctal  sidvoftlif 
pliici^nta,  tbe  walle  of  the  einuses  arc  formed  by  the  chorion,  and 
uliuwnotrnccof  decidnal  Ftruotnrf';  ihey,  therefore,  sQggest  tbat 
the  siuuses  aro  not  rt^ally  mBt«niul  cupilluriei,  but  uo  sjmom 
between  tlie  innterual  and  fn^tsl  portions  of  the  jilncenta,  i-c. 
betwtneri  the  decidua  and  the  (Chorion,  into  which  the  blood  tuB 
peuL'fmt«d  by  extravBRation,  or  by  rupture  of  the  uteriae  roaseii^ 
coDseqaent  on  the  ilegeiieration  which  the  uterine  mucous 
menibrftne  is  tnown  to  undergo. 

On  the  other  hand,  a  compariwn  of  what  is  known  concemiBg 
the  hiiiimn  utt-ras,  with  thi-  facte  &«c<;i-tniDC<1  in  regard  to  th# 
foimntion  of  the  placenta  in  tlie  rabbit  and  in  oilier  iliunma 
IcudM  to  the  belief  Ihnt  the  sinuses  uiay  ]irtiv«  to  be  spacvs  Co 
by  absorption,  not  within  the  maternal  ti&BQea,  but  in  the 
chorionic  epithelium  ilfelf;  in  which  cAse  the  whole  tbic 
of  the  villous  2ou«>  of  tho  placenta  would  he  of  fcetal  ori^n. 

SeparatioD  of  the  Flaoetita  at  Birth. 

In  parturition,  the  contraclaon  of  the  muscnlor  TralU  oft 
uterus,  and  the  confiequent  pressure  on  the  uterine  coalrnts, 
mr>re  Mtjx-cinlly  ujkhi  the  amnionic  fliiiJ,  causes  the  iuvestiai; 
nct-mbrnnes  (if  the  t-mbryo,  i.e.  the  oonibinetl  d<-cidun  vera  aoil 
decidua  rellexa.  the  choriou,  and  the  amnion,  to  bulge  throagb 
till*  ti»  uteri.  On  niphure  of  tho  membraoes,  tlie  nmiiiouic  fluid 
first  et'cajK^t,  and  Bubficqueiitly  tlie  focins  is  expelled. 

The  further  cnnt ravtion  of  the  uterus  detaches  tho  plaoenU 
from  the  uterine  wall,  the  plane  of  sepihration  pae*inp  through 
the  oiif.IT  or  spongy  layer  of  th©  decidua,  in  which  the  deeper 
parts  of  the  uterine  glnTid«  still  persist;  and  tbe  pUcenta,  with 
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the  dcddmt,  tlie  chorion ,  and  the  nmnion  forming  a  membranous 
fringe  around  it,  w  in  its  lin-u  exp^llpd  a»  (he  afler-birtli.  The 
Dontiouation  of  the  uterine  contraction,  ufler  the  «xpulHioii  of 
tlie  placenta,  checks,  ami  ia  ciormal  cases  reduces  to  a  niiDimom, 
tho  haimorrltage  thut  necessarily  ri-sult*  frL^m  tbt-  ti.-ariug  across 
of  tlw  maternal  vflsseU  along  Hie  plane  uf  separation  of  the 
placenta. 

The  deepest  pnrt  of  the  BpoD^'  layer  ot  the  decidaa,  in 
which  ara  thi^  blind  iMids  of  the  uterine  glands,  remninfi  in  tha 
Dteran  m  a  thin  lining  to  thii  ma»t-a)ar  wnllii ;  and,  from  the 
(■[tiibeliam  of  the»u  p^-ntistr'nl  pails  of  the  gUiida,  tho  entire 
nlerine  epitlteliuni  is  speedily  r<>gen*>rftte(i. 
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AccKsaoBT  auditorj  apparatus:  I¥og,  143-114;  Ckioi,  281 ;  SabHt,  397-399  ; 
jran,B44 

Accessory  ^uttal  orgaua :   Chifi,  319-3S0 ;  Jtabbit,  426 ;  Man,  092-^96 

Acceatmiy  thyroid  body :  Frog,  182 ;  Chick.  286 

Acetabalom:  Prog,2l3 

Adolescent  period  :  Amphioma,  87-89 

Admnftl  body  :  Chiek,  320 

After-birth:  Man.Gin 

Age  of  embryo,  estimation  of  :  Ckici,  233 ;  RabbU,  868  ;  Mm,  467-470 

Air  cell :  Rabbit,  408 

Air  BBC :  Chick,  292 

AIk  nasi :  Man,  498 

Alecithsleggs:  7,  17 

Alimentary  canal :  Amphittevt,  69-11 ;  Frog,  lOS-109,  14S-167;  CkM,  281- 
296 1  iJodHt,  399-404 :  Man,  G4t-666 

Allantoic  stalk  :  Man.  482,  484,  496.  699,  602 

Allantois:  Chick,  227.  246-247.  294-296  i  Baibit,  370,  435;  Man,  484,  485, 
64S 

Amnion :  Chiek,  246-247  ;  BabHt,  369-370 ;  Mam,  477,  479,  496,  698-S9B 

Ahpbioxub,  37-89  :  structure  of  adult,  37-44 ;  morphological  Importance, 
44-46 ;  general  acconnt  of  derelopment,  16-48 ;  early  em- 
bryonic development,  48-61  ;  condition  at  batcbtng,  61 ; 
later  embiyonio  development,  61-72  ;  condition  at  close  of 
embryonic  period,  72-73;  larval  period,  73-87;  adoleaoeot 
period,  87-89 ;  bibllc^jaidiy,  89 

Anatomy;  AmphioxH*,  37-41 

Anterior  cerebral  vesicle :  Chick,  252 ;  BabUt,  374 

Anterior  commissure  of  brain :  SabbU,  379  ;  Mmn,  618 

Anterior  gnt  diveiticDla;  Ampkiaxua,  70 

Anterior  naKts :  Frog,^;  (7Ai0A,  276,  289;  JToa,  498 

Aotihelix:  J&ii,  GOO 

Antitragns ;  Man,  SOO 

Antrum :  Man,  638 

Anns:  AMphiogut,  11 ;  Avy,  149;  Chiek,  291-29S;  AtMtt,  104;  Mam,  S4«, 
S49 

Anns  of  Rnsconi:  Fh>g,  107,  HO 

Aorta,  cardiac :  Aiphiextu,  41,  71 

doisal:  Amphit>,nu,  i2;  J^,  169,  179^188 ;  CkieKWl;  B^Ut,  ilJ ; 
Man,  673,  676-678 

Aortic  arch:  Frog,  178-.t79;  Chick,  303-307;  BaiUi,  4ie-417 ;  Man.  073- 
'676 

Aortic  trunk:  RabbU,  i\B 

Appendicular  skeleton:  JVty,  212-216 ;  f^Uo^  33S-33S ;  AaUU,  433 
Apteria:  Chick,  337 

Aqaeons  faomoni :  Ckiek,  S80 
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Aicbofaoru:  CI>Ult,30i;  JtaiUt,il7;  J/a<,&76 
ArcbooMton :  ii;  A  n/^focf^,  o-l.  40 
Arta  9Smai :  OOeH.  2^1,  S35 
ArwiiwlJiiddn:  CAiVA.  1!24. 335-336 

AMntwoiiiota:  L•Aich.^^4.s^^ 

Arm:  JTam.  49-i. -lUS,  &00 

Art«ilw:^r.v.  ITS-1«3:  CWr4.  S(B.a07:  RMtt,  Ht-tn :  .V«.^  KTVSn 

ArtQiT.  allnaiolc  :  C'AI<^jI.  307;  AtUU,  417;  JTm,  STl,  M2,  «IS 

anMiloT  <wi«bnd :  Pny,  IW 

MOterioT  ooonUMnral :  f^vf,  190 

anterior  pilulu:  iV<y,  160 

otceDiliogphBlTligwl:  Mam,&7S 

buUar :  Hvg.  ISO ;  JVdx,  :}T8 

cuotid:  Tnv-  l^l>:  OtiVi,  SOA;  AaW/.  41S;  ir« «,  S7S 

cuiiU]:  nabbit.  417 

eeDbml,  of  retina. :  Itallnl,  360 

CtnllftC  sxiit :    AAtn,  ST4 

ductus  arl«rlotius :   Chi"k.  307,  3U  i  itlHif,  417 ;  JT^m,  K6,  6U.  MS 

cxtenud  carotid:  ClUfH.ma;  BtMU,il$:  Man.&JS 

external  nuxillnijr :  Man,  S'B 

bnngwirie:  .Van,  S77 

tUM:  JirM,6;7 

lotMS*!  «uotiJ  ;    a.'^.  30.^ :  JIabhit.  41C;  JVan.  ST4 

iBUrsa)  maxlllArr  :  ilin.  aT5 

InMmajMltTKl :  JUan.&'tt 

llDiKiiul:  y/iy,  l»();  6'AlrA,  SOfi;  JtfitA,  G7G 

miLiidibalur :  C^kA,  309 

ocdpital :  Stan.  676 

plAi^ngeal:  /'rflj.  ISO 

postoiior  micnlftr :  Man.&7B 

poaWiior  oommiMural :  Av^.  IfiO 

pnlDXonwy :  A^.  ISS ;  fhici.  306 ;  AofrUt,  417 :  Mm,  B78 

BnboUvUD  :  Ckiai,  306;  A)»i{j,  417  ;  Vam,  57«,  GTO 

t«iiiponl :  Man,  STft 

ibyrwjil:  /Vw;,  ISO 

umbilical:  ckicA.aOT 

Tcn*brnl;  l\f an,  6' 6, '•'7.679 
Anymmctry :  4w/p/(Jnj-K*.  47,  fiS,  72,  87 
AilMTCrielira;  /^.>».  .127  ;  y/dAhV.  ISO 
Atrial  cavity  ;  Ampliio^tii.  41.  82-84 
Atria]  pore:  Ampliio^vf,  41,  S3 

ActflcliDictit  of  blastodormlc  ivticlo  to  at«ni8:  BaiHt,  371,  4S7 
Alt4icUn«Dt  of  ovum  t(>at«mi:  Man,  tHK.Wi 
Anditoiy  CBptale  :  rrog.  143,  £04  ;  Oic-4,  326, 331 ;  JWM/,  39(1 ;  .V4M.143-M 
AodilOTr  ocKnn:   Frog,  139-144;    Chick.  280-291;   Sablrii.  3»3.3»9:   Mm, 

Ml-TiAA 
Aadlbii7  os^cle:  /Voy.  U4,  -.'US;  Chiet.  281,  :»0:  ff«lM.  3fl8-8W 
AadltoTTpit:  /W^.  13U,  140;  Chiei,im-.  Ad/#<f.  39»:  J^m.  4tt9.  S4I 
Audilorv  v«»jc1«:  rrmj.   1S9,  140;   £4JfA.  280;  JlalUl.  SSS;  JAja,  193,  IK. 

Sll 
AQdiborr  TMlibuli-:  ^'nij^,  139;  AtMlf.StXt 
Auriclv.of  lieart:  /'roy,  1'18;    t'Aic*,  300-303;    ItabUt,  414-416;  Ma*. 

6fl7, 068-671 
Aor1ciilaT]>eplam:  frog.  KM ;  £'Afdt.  301  ;  y?«AMr.  41&;  lfam,K&-S1l 
Aii>  cjrljndei.  nf  nerve :  Jfnn.  624,  BSIt-537,  538 
Axia  vertabm :  CAM,  327;  Itabbit.  43Q 

Bttrb:  £%if^  38« 
Barbulfl:   C'AiV:*,  336 
UadbntDchlnl  :   t.^f<'4, 331 
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Basihyal:  /Vflff.  208;   CTict,  830  ' 

Basilar  membrane:  Babbit,  391 

Basilar  plate :  6%u)A,  329;  Ilabbit,  iM 

Scale:  f'rog.  161 ;  C'hieb,  26T,  280 

Bibliognipbr:  Introditetory  ehapttr,  SB-Si;  Amphioxiu.  89;  Fr<)g,  21C-218; 

Chick,  3:i7-340  ;  Pabhit,  «B-447  ;  Man,  616-61U 
Bile  dact:  Frog,  156  ;  Chick.  293;  Habbit,  410  ;  Man,  6m 
Bladder;  Frog,  166;  Man,  G90 

Blaatoccel ;  Amph\orH$.  61,  62  ;  Frog,  103 ;  ^^lol,  234 
Blastoderm  :  Chiek,  224,  234,  335-237 
ntastodennic  vesicle  :  Rabbit,  364-36r> ;  Man,  474 
Blaetomere,  19  ;  Ampbioxvi,  19-62  ;  Frog,  102 ;  ItabbU,  362-364 
Blastophore,  12 
Blaslopoie:  Ampkioxia.  U-it,  m ;  Frog,  107,110-111,114-116,149;   ChUk, 

289,  242 
BlastDla  :  Amphiox^i*,  62;  Frog,  103-104 
Blood  corpuscles ;  Frog,  165 
Blood-veaseU  :  ^m/iJi-ww/,    41-42.  71-72;  Frog.    166-186  j  Ckiek,   296-316: 

JiabhU,  412-421  ;  Man.  666-687 
Blood-ve*»elH  o(  placenta :  ^Van,  G12-(il4 
BodTcavitj:  Amphiomu,  i\,  m,  68,84-86;  (^iei,  243-244,  321-322 ;  AiWtt, 

427-428 
Bones  of  skull :  Frog,2\0;  ^Auri,  331-332 
Bnchial  pleXDS :  Man,  621 

Brain  :  Frog,  117-12i;  ;   CMcl,  262-261  ;  RabUt,  372-381 ;  Max,  609-621 
Brain  vesicles :  Frag,  1 18  ;   Cbiclt,  2B2  ;  Rabbit,  371 ;  Man,  481,  491 
Branchial   aortic  arch :  Chict,  306  ;  Rabbit.  416-417 ;  Man,  674-676 
Branchial  arch:  Fny,  169;  Chiot,  284,  330;  Rabbit,  401;  Man,  496.  499, 

fi50-BB2 
Branchial  bar  :  Frog,  206-207,  208-209 ;   Cbiei,  330,  331  ;  RAbUt,  433 
Branchial  blood- vesscU :  fVog,  169-179 

of  first  branchial  arch,  171-174 
of  second  braDcblal  arch,  174 
of  tliird  branchial  arch,  174 
of  fourth  branchial  arch,  174 
of  byoid  nrch,  176-176 
of  mandibular  arch,  176 
chanRcx  at  time  of  metamorphosis,  176-179 
Branchial  cleft  :  Frog,  92,  167-160 ;  Chick,  286 ;  Man,  496 
Branchial  groove  :  Rabbit,  400 ;  Man,  490 
Branchial  membrane :  Rabbit.  400 

Branchial  ponch :  Frog,  167-lKO;  6'Aiei,283;  Rabbit. 4M\  JTax,  660-561 
Bridge  ol nose:  Jfan,  497 
Bronchi :  RabHt,  408 

Bnccal  cavil; :  Amphiatu*,  iO,  Si  ;  Frog,lSO;  Rabbit,  iOO-tCa 
Bnccal  hood :  Amphioffu,  40.  81 
Bnccal orifice:  A«»pbioi!iit,'A9 
Bnccal  tentacles :  AmphiorH*,  S\ 
finlbuB  olfoctorins ;  Jl/an,  617 
Bursa  FabricU :  Ckiek,  291 

Cscum  :  Man,  618 

Calcarine  salens :  i/im,  619 

Canalis  acricatatis  :  .Vnn,  666,  667,670 

Conults  reuniens :  i/rt AM r,  396 

Canalised  fibrin  :  Man.  606,  612 

Capitulum  at  rib :  Rabbit,  430 

Capsule  of  lens:   Chtck,  2'il ;  .I/an,  639-640 

Cwdiac aorta:  Amphioj:v§,M,Ti 

Carotid  arch;  Frog,  178 

Carotid  gland:  Frog,  181-182 
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Cbrtlbige-boDO .'  /><»;,  SOS ;  CAtuft,  SM.  S>1 

QuaiDBDlftl  flow  :  JVnn,  -lAR 

Ckrlty  of  ftmnimi :  CAi^i,  216;  JAan.SMt 

Cftnda :  Man.  199 

CasMnt :  IMhit.  *W :  .Vnn.  &60 

Oanogcnetio  vbuaiotora.  3^ 

OcBltBl  CMSl  at  xpinnl  canl :  f  Afd(,  SCO;  Rab^  SR 

CcDtnd  DCrvoQs  s>-«Woi:  /y<v.  I1»-1H;  CMc*.  M7-£«li  JbMr.  MI,  STI 

38S:  .Kin,  r.l)9-328 
Omtritvml  cnnia]  nemei :  JUiia,  S2H-6!M 
CouiriMtftl  cmnia]  nt!n'«* :  Xaa,  asH-Sao 
OBotrelBdthftl  ecp.  7.  n 
Ctanrtobnnofal&l :  r«i^i.330 
C^ntobxAl:  ^Vtv.  306:   rile*.  330 

Ctmbollum;  fViy,  1S2 :  CUek.  Uii-tt«  ;  Jf^MU.  SAO  :  Xltn,  51(i.  831 
Oenb»lh«iiu*pti«re:  Fr^.Ui-MS;  AiiiA,SeO-SSl ;  JZaMO,  S'O-SrV:  Jfii*, 

fil3.  013,514, 8ie-6» 
Cciricnl  Ueiare-  .V«ii>,  4!IG.  fiia  611 
OenloalpUxas:  Mitn.^ZX 
CwvtOBltib:  rti>4.  33T 
Oartiz  atari .-  .lAin.  £<)| 
ClulaM.Sai 

ClWBgMlacIrciiliilian  m  binli:  AaftM,  <  19-130;  JKm,  S>IB.:>S7 
OnBgaiDciTvalation  on  liatfibing:   C'lluiA,  311-31ft 
Cfa«ek :  J/an,  S(M 

rhiumo,  oplic :  /tvf,  139 ;  Oiiek.  U9;  AoUft.  390 ;  Mait.  514,  SSO,  HO 
Chick,  '^19-340:    Kvnoral  mcoiuiI,  319-S2S:   tb«  eff,  238-233;   Uw  Mt!; 

«Ufc<M  of    dnrcliitmiiiil,    S3S-317:    the    luimkiu   tffUm. 

S47-S74 :  the  •cnK  argnni,  ST4-S41  j  tli*  aUnMotafr  oubL 

SSUS96 :  Uie  beort  ond  blood-vtiMcla.  3M.315;  Ihe  oriM? 

tvpUA.  Slfi-310  1  Uie  bodr  oavii;;  nnd  the  moaoalar  ajMaa 

33I-R23itb«  ak«MMi,    311.339;  tlw    f««Ju>TK,    aSS-lST: 

bibllognipbjr,  a-n-sio 
CUa:  if(m.a03 
OlHrlon  :  Jba,  tiOS-6(X't.  0 1 1 
Chorion  tmoAatam :  lAm,  001 
Chorion  bent ;  JfM.  HM 
OhoriMlo  vlUI :  JCdM. «».  STIO 
dioroM  ;  Ao^Mf.  393 ;  .Vm,  SIO 

diorold*!  Ilwuce  :    Clkiek,  278 ;  ffoAbiV .  3Hfl ;  STdn.  &39 
Choroid  picxiu  of  rourth  ventricle:  J>«y,  132;  ('*><'«.  SSI;  RaiMf,381 
Choroid  pIcxsK  of  blcrnl  ventricle :  KaHit,  379 :  Mitn,  516 
Cboruid  plouA  i>f  ibiid  venDfcdo:  ^ny,  131;  r.ti^li.  SU;  J?a«H(.  375-376; 

JV«a.520 
ChromAtln  loops:  14. 15 
CiU&ry  nngliOD :  Citiot.  968 ;  M«»,  &3< 
CircuhUon  ID  yolk-mr :  limhhU.  Vli\^  V2\ 
Circalktory  ajrutcm:  Amphi»ei$.  11-12.  71-73:  Frov.  Itt-lU;   £ti«|, 

aiB;  AiiMtMIS-431i  Man,  iHi-ial 
CltvonnUtiM  |»pt]l& :  Jfnw,  S&T 
Clvrkte:  A«y,X13:  C'AkA.SSS;  AuWir,  493 
CUw :  iftiAUf,  434 
Ckll  pnlnic:  Man,i6r, 
Cliiurla:  J/a*.  597 
ClltOMfpeni* :  ^l/on.SOC 

CloAOH  I  JSWMif.  41  l-llil :  .Van.  (MS,  5(9.  51IS 
Cloftcal  JAjiWa  :  JIahhit.  41 1 
CIomaI  •optnni  :  IlaMit,  412 
Clab-«bftpKl  gland  ;  AmpAi^/rvt,  70-71,  7S,  79-40 
CochlM:  />wy,Ul  ;  IlaiM,  ^m,  HOT  ;  JAia,S41-<14 
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Civlom:  Ainjihwxit«.i\.  m.iiS,  TO,  84-8G  ;  Chiok,  2i3-2H,  321-332;  IbtbbU, 

427-428 
Ccclomic  canal :  Amphioxui.il 
(Jolobama  iridic:  iVan,  SUt 
ColON^-il  cells  :  SubhU,  444 
ColuJiiclla :  Frog.  2m ;   Ckiek,  830 
ColQDinaj  carneii! :   /'A/c*,  303 

Commissures  of  brain :  JliftW/.  378-379 ;  JTan.GlT-SIS 
Commissures  of  splnnl  cord  :  Man,  S2fi 
Comparison  of  earlj  bCokoi  In  Amphioxua  and  in  Frog,  112 
Comparison  of  early  statues  in  Rabbit  and  in  Uan,  4T6-476 
Comparison  of  KLimmalian  dcvelopmeDt  with  that  oC  other  Vertebintea,  841- 

344 
Complete  tefcmentaiion,  19,  22,  363 
Concrescence  ol  lip  ot  blastopore :  Frog,  111 
Condensation  of  ancestral  history,  30 
Coni  vasculoai ;  Man,  593 
Conjunctiva:   Clilali,  280 

OoDvolutionnof  hcinispherefl;  Kabbit,  379 ;  Man,  519-520 
Coracoid:  Froo/iVi;   ffliei,  332 
Comea;  CAic*,  280;  Haibit.  3\)2;  iWiMi,  639-540 
Coronary  sinus:  .l/nn,  SiiH,  682 
Corpora  adiposa:  J-'riig,  VJS 
Corpora  quiidri genii na :  /tiftiiY,  380  ;  .Viin,  r>l4 
Corpora  Biriatn:  tV/jo*,2H0;  JlabbiCSlS;  ^U0»,  516-517 
Corpus  albicans  :  .^fa^,  TdS 
Corpus  callosum  :  Jtithbit.  U79  i  Man,  fll8 
Corpus  loteum  :  liabbit,  34[) ;  Man,  456-4'>6 
Corpus  luteum  ^puriuni :   Man,  4G6 
Corpus  luteum  veruni:  ,l/a«,  456 
Corpus  mamniillarc :  M/iii.  520 
Corpus  spon);ii)sum:  liabhir,  i\2 
Corti,  organ  of :  liahhit,  397 ;  Man,  543 
Coste's  embryo :  Mait,  •187-488 
Coune  of  circaintion  in  embryo:   Chick,  311-314;  Rabbit,  418-421;  JTaa, 

Cranial  fleiure :   A>oj,I18,120;   CTi>i,2liO;  Rabbit. '^12;  Jfan,  489 
Cninial  nerves :  />(«?.  128-131 ;   (»«*,  262-271 ;  AiftW/,  382-386 ;  Jftw,  628- 

638 
Cranium  :  Fmg.  203-205  ;   Chick,  328-330 
Critical  stafrc  :  Amphioxut,  47,  75 

Crum  cerebri:  Ftikj,  Vn-,  (hioi.;2hR;  Afi6fti7,880;  JViin,  621 
Cutaneous  sense  orjnins :  Fnig,  144-145 
Cutis  layer:  Amphiojrvs,  %5 

Decidua  of  menstruation  ;  Man.  458,  403-466 

Di^cidua  of  [iregn.incv  :  Man,  KOJi-lilO 

lX-ci<lua  relieia :  M<iii,  607-0011,  610 

Ducidua  serotina :  Man,  MX  007-609.  610,  611,  613 

Peddua  vcni :  Man,  607.  (iOil-OlO 

Itecidnal  ci-lls  :  Ilahl.it.  \W\  .W,i«,fil2 

Heciduous  dentition:  llnhbil .  WA  ;  .Van,  SSI 

Hcgenoiation  :  Ai'iphiaj'iit,  i5 

lienlnl  piipilLi:  Frog.lU;  Itahblt.  iOG;  jVan,  659-661 

Dentine:  ^/i(''?'i'.  1011-407;  Mini,  Ml) 

Descent  of  testis  :  Jtuhhit,  420  ;  Man,  507.  508,  609 

Deatoj)la-^m :  4 

Development :  irniural  account  of,  1-3,  24-34  ;  AmphioxlU,  87-89;  Frog,  00- 

^18:   rAicyl,  210-340;  i^Afrtf,  341-447;  JTiiN,  448-019 
Oiapbragm;  Itahbit.ViH 
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J>igcaaT«  staWm:  Amfkionu.  69^71  i  P>os,  lOft-lOS,  t4S-UT|  CU4,  S8U 

DinaldftlflC^incDMlinn:  !S 

DIuiu  prollKerux :  Aibbit.  S19  ;  .Ifan.  J54 

DIatOltiao  uf  ancustnil  obuiacters :  30 

Donal  fiMDTc  of  *pln&l  eoM :  Ckiei.'iSO:  .If'in.  &S' 

Donnl  toot*  of  spLiml  uervM:  <(H^ltrtMM.  i:);  fn^.  IS7-19S;  Cliot,  STI- 

Daim  fMitliprH :   Clitcli.  3'.\^ 

Duct  ot  GatTinoi :  .Vdn,  a9<i 

Duotiuttrtcrioaiu:  (.Vii.-A.  307.  31-1 ;  /fd»»iV,  41T,  119i  JVm,  4*S,  08S.  5W 

DQCtu*  Boliilli :  CAick.  SffT :  liabbit.  ill .  iU* 

Ihictua  cndolymptiaUaiu '  yng,  142 

Doctiu  VBDOiiDs :  6'MM.  SlCiU:  AuJUif.  419;  .V^it.  ft«l.  6S5.  SftS.  W7 

I)uc)dcniillooporint««>tln*:   CAM^iaO;  ItahHt.tOZi  J/oM.  £47 

Dura  luan^r :   fiaibil.  3Sl 

Duwlloitof  dcvolofiupur. :  .-l<ny'At(iT«M.49:  fViy,nl-91;  OitA,  ffil  ;  JbU<(. 

SBO:  iVrtH,  44',',  468-467 
DurMiOn  of  pte^uuui;)' :  .Wait,  46S-t67 

Bar:  /Vry.l3S-144:  fftloi.  S80-381 :  At£h'f ,  39g-Jt W ;  JVan,  &41-&4t 
Strty  VtagM  of  ilsvoI»T>Minnt  :  Ampiioriu.  ^^-6i :  ^V<v.  100-llZ:  C'iieKSSi- 

24T;  //-jMif.  SJI-aeS:  J/an.  i;0-*8l! 
XotopUcwntn:  UaMrit.  i:t8 
EotoplnnEiital  lubul? :  llahhit,  441 
Ggif  I   Btnictiirit,    ;i~7:    maiuratloit.    T-Il;    fwtlllwtloa,    lUtS ;    naiacllalw 

cVinmcInr.  !I2 
Egg:  Amphioxm,  i:)-1(.  IV:  /Vvy.  94-100;  J7m,  8WI-X2S,  32&-23S:  AiUtf, 

814-a&l;  JToi^  446-485 
E(!X  oolntnn  :  Man,  4M>  .4SI 
B(nr«holl:  //m. '.'2i».  23ii 
Righlh  Rioul  h :  Man.  M^ 

Baibi70.fun»i>liunu(r  f-J.VA.  S2S-338;  At»h'A  3S3-367:  Jfit*.  4n-4M 
Bmhiyunitl  »[\«  :  AivAA>7,  UST-IIAI  ;  .Vor,  47S 
BmblTDQio  period :  jfm/iAiivi'f,  4H-Tii 
KnftOWl:  /Voy,  211 ;  AiWr,  106  :  Muk,  SCO 
BlUtTDCl  onnn :  /tiiAAif,40ll;  .Vah,  SS9-561 
KndoKtjrlo  :  jlni^Aiuru'.  40.  7!) 
KnlcrocoDlio  cavltv:  Amjihinstut,  60,  fl3 
Kpibbuil:  33.  i'S^'^l ;  .l.«/.*i.M-w,  GJ.  6fl:  /Tny.  1(M-I0R ;  C»m4.  334.  136; 

llahhil,  MA.  3A1  :  Mao.  4Tfi,  4M 
Kl>lbliurt,)c  buds  of  Tnlk-iiic:  lUbUt.  Zm 
Kplbrancbial  prooi^:  Aniphioxut,  iO 
E|>)conioaid:  />•>;.  213 

Bpidi-nnio  layi-r  nt  cplhliut :  fyog.  lO/i,  IIS 
Epididymb:  CMvk.S-M:  ItaMt.tZB.  ,I/ah,  SJ3 
Eltigonuils :  'i'/O 
Epiftlotlti:  iVin.  Ti'ifi 
Epiphjr«LAt  <**illcnliiii :  .l/im,  609 
Spiplvitml  rjii  li  J" :  A  mpkii-zvt,  4 1 
K|Ktoplioion :  .Va/i,  1-U.V 
Equal  ic^mcniRtion :   19,  SS 

btlaulionofagcor  eiubrvu:  rAict.SSSj  ffaAMf.SGS;  JHm.  407-470 
Ktbmoidal  pltte:  r/V'VA.  323.  »ai  :  /f«tfri(.432 
Kthnioidftl  alnoi ;  Man.  '>%% 

EoitMsliUn tnha :  ^>y:7.H:t:  Di».!!U:  fUAUt.jai;  JTamSU 
Biutiiobun  Yulra :   r^i.r«.  non  ■  AiM.Mlfl;  JKin,  S«9.  KSA,  SM.  C«» 
Sxeretory organ:  ^ny,  iaS-197:   c:Ai>;(.UlG^20i /J'jiWr,43I-4!!<|  JV1M.WS- 

K«oraalMdIt«7ni»liiB:  (■*«■*,  SSS;  /fciM*/,  388,  KM  j  Jftm, 4B»-600.  M4 
EstvmftlMr:  /to»til.S98i  iVam  49».«W,  Sa3.G44 
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External  genital  organs  :  Man,  E06,  696-598 

Eiter&al  gilla :  Froff,  160-161 

Sye:  AmjiAu>x)u,iJ,Gi;  I'r«ff,l3€-139;    Chiei,  275-280;  RabbU,  367-392; 

Man,  495,  S39-541 
Eyebrow :  Ulan,  607 
Kyeltuh :  Mati,  507 
Eyelid;   CAuri,  280 j  nabhU,-6^2;  .Vat,  640-641 

Face:  Chick.  387-289;  3Ian,  497-498,  602,  603 

FallopLin  tube :  Babbit,  426  ;  Man,  694 

False  amnion ;  C'hiok,  246 

Fabc  cerebri :  Ilabbit,  .179  ;  Man,  516 

Fanjf  of  tooth  ;  Man,  560 

Fttl  body  :  Frog,  1 98 

Featner:  Cftwi,  335-337 

Feather  papilla:   t'Aiai,  336-336 

Fe.ii  urea ;  Mam,  497-498.  602,  603 

Fenestra  ovaliB:  Fro^,  204,  2()9;   CMok,  330;  Sabbit,  39S 

Fcnuaira  rotnnda :  Jtabbit,  397 

Fertiliaation :   11-13,  16-17,32;  Anphloxiu,  i9  ;  -fVoy,  91,  99-100;  Hem,2Z2, 
231-232;  JiabbU,Uli  JTan,  448,  466-467,  471 

Fifth  month  :   Man,  606-507 

Fifth  ventricle;   liabbU,B79;  Man,  617 

Fiftb  week :  Man,  4!I6-E01 

Fin  :    AMjikii'J!«t,  37,  86 

Finger;  JToa,  500,  603 

First  week  :  Man,  471-472 

FisBura  arcuata  :  Man,  619 

FUsure  of  spinal  cord :    Chick,  260:  Matt,  627 

Fkxnre  of  embryo;    Chich,226:  JlabbU,  3$i-3U  ;  .Van,  476,  461,  48S-191 

Floccular  lobe  of  cerebellnm  :  ilabbit,  380 

Fcctal  membranes :   Man,  598-605 

FcDtal  vessels  of  placenta :    lUtbbit,i\2\   J/an,  612-613 

FiEtal  villi  :  jVan,  009,611.  612,  613 

Follicle  cells :    Uhiek,  239  ;  JlabMt,  346  ;  Man.  462-455 

Food  yolk:  4-7,  19,  2»;  Frog,l(JO-lQ\.\  C'Aw*,  221-222 

Foot  :    Chick,  335 ;   Man,  500 

Foramen  cteonm  ;   Man,  6GS 

Foramen  incisivnm ;   Man,  655 

Foramen  of  Monro  I  CAiol,  261 ;  fliAH(,  377  ;  Jfan,  616 

Foramen  ovale  :    6'Aii-A,  303,  315;   .^Aftif,  416,  419;   JTom,  670,  584-G87 

Fore-brain:    J><^,IIS,11»;    CliUk,-it2i   ItabbU,Z7i)   Jfan,  510 

Fore-gut :    Chieh,  281 ;   Jiabbit,  399  ;   Man,  filG 

Fon-.limb:   /><y,  215  ;    t'AJct,332-334;  Jfait,  600 

Formative  cell ;    Cbiek,  236 

Fornix  :   Rabbit,  379 ;   Man,  518 

Fourth  month  :   Man,  ri06 

Fonrth  ventricle  :   ^V.^,  122;    ChUk,2!H;   nabbit,t%\ 

Fourth  week:  .iVnn,  492-496 

Fbou,  90-218:  general  account  of  development,  90-94;  the  e(;g,  94-100; 
the  early  stages  of  development,  100-112;  the  nervoua 
system,  112-134;  the  senseorgans,  134-14Ci;  the  alimentary 
canal,  145-167;  the  gills  and  gill  clefts,  157-184:  the 
benrt  and  blood-vessels,  ltiu-185 ;  the  nrinary  and  reprodnc- 
tive  organs,  I85-198;  the  skeleton  and  the  teeth.  198-216; 
bibliography,  215-218 

Frontal  lobe  of  brain ;   Man,  51T 

Frontal  sinus  :   Man,  638 

Fronto-ns.'^l  process :    CAtVA,  276,  287;  JVoii,  497,  653 

Froriep's  ganglion ;   Man.  5:11 

ForcDla:    c'Atoi,  332  ;   J/an,  666,  663 
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Oaertner,  dact  of:  Man,  596 

OallbUdder:  Frog.im-,    Chiok,i9Z;  SdbUt,il<i;  Jfiin,  S63 

Oaaglion,  auditory :    Man,  636 

ciliary :    Chick,  265 ;    Man,  536 

cochlear :   Man,  536,  513 

Froriep'ar   Man,^'Al 

OaaseriaD  :   Frog,  !33  ;    Chick,  269  ;   Man.  036 

geniculate:   Sfan,  536 

of  glossopbarynfi-eal  nerve :   Man,  535 

of  pneumogasiric  nerve  ;    Man,  635 

olfactory :   Man,  53T 

otic:    Man,  536 

sphoDOpBilatiDe  :    Man,  636 

spinal  I    CliKk,  272 ;   Man,  625-526 

submaiillary :  Man,,  536 

vestibular:   -Van,  536,  543 
G^isseTiau  gaDgllon :    FToti.lZZ;    CAici,  269  ;   JlfftA.  636 
Gastrocosl  I  Ampliioxiu.  5^ 
GiistTula:   Amphi/<xtn,  53-57 
General  acconnt  of  development  of  embryo:   Am)>hioxHt,  46-48';   Prog,  90- 

91;   CAici.  219-228;  .Roi6i(.  362-371  ;   Man,  470-509 
Genital  cord :   Man,  694 

Genital  ducts :   /'mj.  193-197  ;    (7Aici.  319-320 ;  Aatfrit,  426;  Jfan,  692-595 
Genital  organs,  external :  Mai,  596-598 
Genital  papilla;   liahhit.  il2 ;   .Wint,  59fi 

Genital  ridifo:   Frog,  9*.  197  ;  Hen,  229  ;  RabHt,  345;   Man,  450,  692 
Germinal  area :    Man,  473 
Germinal  cell;  J/ait,  533 
Germinal  disc  :  19;  fAiei,  222,  232-235 

Germinal  epithelium  :   Hen,  229  ;  Rabbit,  Mh;  Man,  460-461 
Germinal   layers:  22-24;  Amphioxni,  5% ;    Frog,    104-110;   Chink,    236-242; 

liahHt.  356-361  ;  Man,  486 
Germinal  vesicle  :  Amphiorni,  Vi:  fWj,  95-96;  IIen,23Q;  Man,  i5Z 
Gestation:  IlahHt,^■^i■,  .Van,  465-467 
Giant  coU  :  Rabbit.  444 
GUI:  Frog, 92,  160-163 
Gill  arch  :  Amphioxiit,  40 :  Frog,  169 
Gill  cleft;  AmjiliioTiit.  40.71,75-78.  87-88;  Frog,  92,  167-180;   Chick,   28S, 

285;  Man.  490,  492,495,  551 
Gill  poach :   CHck,  283  ;  Man,  490,  650-661 

Ginildis,  organ  of :  Man,  593  ' 

Giiifird :   rhiek.  290 
Gland,  carotid  :   I>og,lSI-lS2 

club-shaped  ;  Amplnnxvi,  70-71,  72,  79-80 
Iftcrymal;   t'Awi.  2B0;  ^aftW(,  392;  Man.Lil 
mammary  :  Ilabhit.  434 
of  Licburkiihn  :  .Vaii,  649 
of  stomach  :  Maa.  549 
salivary:  Man.  .'JuD 

Qterine ;  Rabbit,  437 ;  Man,  468,  459,  610,  612 
Olans  penis ;  Man.  hW,,  GS)7 
Glenoid  caviiy  :  Froti.'IVi 

Glomerulus :  Frog.  I'J2 ;   C.''.iei,  318  ;  Rabbit,  422 ;  Man,  689 
Glomerulus  of  head  kidnev:  Frng,  182,  190-191 
Glottis:  Frog.  154  ;  Ilahhif.  40H;  Man,  556,  562 
Gljcogenous  cells :  Rabbit.  H2 
Gonolilast:   12;  f  ruy.  95,  197 
Gonotome  ;  Amplii'nut.  H':\ 

Graafian  follicle  ;  i/rtifrtV.  348-349;  iUan,  463-455 
Urey  matter  nf  brain  ;  Rabhil,  ;tB3 
Oat  diverticula ;  AviphioxutjlQ 
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Hair :  Rabbit,  433-434 ;   Xan,  C06,  509 

Hand :  Man,  500 

Hare-lip:  .Van,  564 

HatcbiDg:   Chick,  228 

Head  cavity:  Ampkiomu*,lQ 

Head  fold  :   Cliiek,  226  ;  Il^ihHt,  aG3 ;  Man,  478 

Head  ki<lDGj :  Frog.  1S6-I91 ;   Chick,  318-319 ;  RdbHt,  421  i  Man,  691 

Heart:  I->-og,  167-169;   Ckiek,  298-303;  iiflftJtt, 413-416;  J/an, 477,  478,482, 

490.  492, 196,  5G5-573 
Helix:   .Van. 499 
Hemisphere,  cerebral ;  Frog,  125-126 ;  Ckiei.    260-261 ;    BabbU,    376-379 ; 

Mom,  612,  513,  614,  516-620 
Hepatic  c«ll:  -^'rojT,  166;  Eabbit.ilO 
Hllum  foUlcali  :  .Van,  454 

Hind-brain :  treg,  1  IB,  1 19  ;  CMek,  262-266 ;  Sahhit,  380-381 ;  JVon,  610 
Hind-gat:  Ch>ei.2^\;  Jiabbit,3mj  Jfiui,  545 
Hindlimb :  I'Vog,  216  ;   Chick.  336 ;  Man.  601,  503 
Hippocampal  sqIcob  :  Man,  619 
Hippocanipu!>  major ;  Habbit.  378 
His"  embryo  E  :  i/iin,  477 
Hl^  embryo  Lg :  Mm.  48S-490 
His'  embryo  Li:  Man,  490-492 
HiB'  embryo  SR  ;  Man.  477-479 
Histoloeical  development  of  brain  and  spinal  cord:  Ilabbit,   3S1-3B2  ;  Matt, 

621-627 
Holobtastic  segmentation  :  19,  22,  363 
Horny  jaw  :  frog,  131-152 
Homyteetb:  Frvg.  lBO-151 
Human  umbbyo:  Urat  week,  471-472 

second  week,  472-486 

third  week,  486-492 

fourth  week,  492-498 

fltth  week,  490-601 

Blzih  week,  601-603 

second  monib,  603-506 

third  month,  506-406 

foarth  month,  506 

fifth  month,  606-G07 

sixth  month,  607 

seventh  month,  607-608 

eighth  month,  60H 

ninth  month,  608-503 
Hydatid  of  Morgagni ;  Man.  693 

Hyoidarcb:  Frog,  169;  (7AtcA,  284,  330;  J/an,  490,  496,  660.^52 
Hyoid  bar :  trog,  206,  208 ;   Chick,  330,  S3 1  ;  Jlabbit,  433 
Hyoidean  aortic  arch  :  Ciiek,  306 ;  Ilabbit.  416  ;  Man,  674-675 
Hyomandibular  gill-cleft :  tYog,  16!) ;   Chick,  285 

Hyonuindibular  gill-pouch :  ^Vo^,  169-160  ;  i^dfrM^.  397-393  ;  J/d*,  644 
Hypoblast:  22,  23,24;  Amphiosaut,  63,66;  iViy,  109;   Chick,  237;  ItahUt, 

358,361  ;  JUan,  476,  486 
Hypothetical  stages  between  fieioheit'a  ovam  and  His'  embryo  G:  Man, 
483-486 

Ilium:  Frog,2H;  CTict,  334 

Impregnation:  12;  Chick,2S2;  AiMif,  360-361 

Incubation  :   Chick,  223 

Incus  :  Ilabbit,  398-399 

Infundibnlum  :   FT0g.\2\;  Chick,2m;  llabbit,3J6;  Man  610,520 

Inner  amnion;  Chick,  246;  Man,  ill 

Inner  nasal  proceaa  :   Chick,  288 

iDtemal  gilla :  Frog,  161-163 


6S0 


INDEX. 


InWrorbUal  pbtlo:~C%iV#,390 

Inlesiinc;  J».»A.«rjM.  40;  ^Voj.  H7-H8  j  aicttWO-Wlj  fiaWil. -tOS-iW  j 

JUa»,  5411-049 
Iri«!   t'W*.S7!l;   llahb,t.Z%9 
ImHuiu:  Fny,m;   ViUh.STJi 
IsthttUf:  Man,6\0 

Jocoh*OD,  organ  «( :  frvg,  IK;  Behhit,3»7;  Van.  tK 

Kl'iiie.T:  Fivg,  VM-l^S;  CAii^t.aiPi  /f«Uif,  iSt-ISCi  Jtfai,  AM 

KoUmBiiii'iiMiibi-iiti:  iVu'i,  )B1-4S3 

LAUainaJon:  Mai.hV' 

L»bin  niluois;  Mini.  597 

Labial  curtllHKo :  t-^xj.  303.  30G,  SOT 

La^IaI  cavity :  /ni^.  UO 

Liiblo-HiTotiil  tulil :  Man,  i91 

lacrjuial  duot :  fAick,  S^;  Hahtnt,  3P2  ;  Stan,  Ml 

LaL-iyniH.lglaiJ«l:  Chick,  t&a:  Jlahhif.^tl;  ,W»n.  an 

LacrjntAl  gronvp :  t'ftiV*.  SSft;  jWas,  4;iS 

Lsminstcraiinalbi:  CAJ''i.2£S;  /f^Mr.  .tri.  HTQ;  J/m.  SIT 

Laivitl  p«riod:  Jm/tAiM-cr.  73-87 

Lnryngcnl  chtmbur:  WaiWi.  408;  iftin,  502 

Uilcial  frif[it:il  pFOOeaa:  J/itM,  4(>T 

LiiUrHl  j<1iil«:   /tMjiAtiWIw,  S4;   i^'AiV^.  :!I4 

[«l«n(l  vontrlclo :  >W  I2li;  t Airl, -Jlii);  JTiihMf.STT;  Jtfoa.AlS 

Le«:  /hw.SlO;  CAteft.RSS;  JUn™.  41i2.  *»e,  501 

I^ncLli  of  embryo :  *a«,470-H71 

Lmw. of  eye ;  ^Vnjf.  lit':  r'*i<J.  277:  «i**tV.  39ft-3Ii( ;  Jftiii.  4S3w'«l9 

Umb->:  ^>A7.93-[is.  :ti:!-s(is:  CAf^it,  ss^-sss :  .Vm.492.  <»6, ma  di>?.  fins 

Liiitjiiitl  iliicl:  .1/an.  GSS 

Up:   fW'!;.15a^l»l;  ^sn,  £02.  BS3-U4 

Ll[[uor  uanjl ;  jUiin,  GIJH 

Liquor  (ollionli:  jUaw,  4S4 

Livtr:  A.mphi«^n.  to  ;   /Vi^,  IM-ISC;    4»i>».  SK-SM;   AitMC.  410-111; 

■Van,  496,  fi63-S6* 
Lobitio  of  car :  Man.  tim 
Lower  lajnroelU:  Frng.  l(H  :  rWri,  334.  286 
Lnml)o-xnfinUpl<unis:  Mau.t'ii' 

Lunp :  /-n>^,  1A4  ;   nirl<.  31)2 ;  AaMlf.  406-410;  ih>,  WS-SSS 
Ljii][ilinli<;s;  /Vep.  1*5 

MnUcni;  AiMr,  !l9H-3g<l 

Mnt|>iirbuuj  body :  i-nTr/,  l»i:  «7iib<4-A,  318;  ib>»Mf.  423;  jraif,M> 

Uaminiil  iun  cirvi-lnpinvnt,  Knitiml  cliwiicl«n  of:  941-344 

Mammal i^Lii  |)1<iCfr>in.  «  chorionic  vtrnc lure :  443 

Maajmary  ).'e«iji1ii>n:  311 

Mummary  iiluDd  :  Itahlnt.  431 

Man, 418 ^10:  [>rt<ltmlimry  Hcooiint.  44S-140  ;  lb»  hanuui  otwn.  449-4?0t 
^cni-iitl  liihiory  ot  ilin  dcvrlojjRicnl  o(  tbc  buBUU)  rmfcvTOh 
4TO-60S;  norvoii*  Mysloiu.  GiKt-fi3S;  w ok  orgaiw,  aSti-644  i 
difiwtlTe  ■}it«m,  64i-£e::  i  circiitHtori  tjvMn,  fteS-Stfi 
uiiniiry  onmiWi  B80-891 ;  r«pn>ductlvo  oinM,  nUM  i 
rcEtilmerabnUHkndpIuaitU,  59a-6lfi;  blbUosr^br* SIA- 

MandiliutaraoHJommhr  CAiz-i.aiW:  flfliMr,4l6;  .«*».  S71.  S7S 
Uftndlbulu  ATdi ;  fhUk.  2S».  987,  3^)0 ;  RatUt,  44)1 ;  Jfon.  490.  49.'..  in. 

CSO-fiGl 
MnndihiilorlMr:  /V^.  3DS:  Olu't,  330,  331 ;  JbMtf,  133 
Manllo  U,v»  of  tj-Jtinl  cnni  :  Mi»,  324,  538 
2Itiiiutjriuia»t«riii:   C>iick,Sii 
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Manas :  Prog,  216 ;  VMek,  333-334 

Hat«nial  vesseU  of  placeotA:  Habbit.  ill ;  Man,  61^-614 

JUtuMtion  of  egg:  7-11  j  Fng,  96-89;  Him.  230-231 ;  Babbit, ZA^-36fi;  Mam, 

ITl 
Maxillai7  arch :  Ckiek,  3S8  ;  RabbU.  401 ;  Man,  490,  49B,  553-666 
Memanrement  of  embryo :  Man,  470-471 
HeatnB  venosiie ;  6'Atci.  293,  309 

Meckel's  cartilage :  Frog,  206,  206.  208 ;  Chieh,  330 ;  PabUt,  399,  438 
Meconium :  Man,  BOfl,  607,  608,  664 

Uedulla  oblongitta :  Frog,  122 ;   ChUk,  2G3 ;  Sabbit,  380-381 ;  Man,  621 
MembrtHU  liraitans  interna ;  Man,  623 
Membrane  bones :   FTog,2\0;  ('ftttrt,  321,  332 
Membrane  of  Reissner :  Sahbit,  3!)7 
Meustrtial  cycle :  Man,  469-460 
MenBtmaldftcidns:  Man,  468,  463-466 
MenBtrtiftl  dJBcbfti^ :  Man,  468^469 
Menstruation :  Man,  467-465 

Mcnstnution,  connection  with  ovnlation  :  Man,  462-466 
MeroblBstic  segmentation ;  22;   Cbick,i'32 
Mesencephalic  flexure:  Man,  611,  513 
Mesenteron:    Amphiarw,    69;    fVvg.    105-109,    146-148;    Chiek,   281-282; 

Rabbit,  399 ;  Man,  644-649 
Mesentery  :  Frmi,  148  ;   Chick.  291  ;  BahbU,  400 ;  Man.  647,  664-666 
MesobUst;  22,23,  24;  Amphioxu*,  fiO-61 ;  Frog,  liist-llO;  Chick,  23T,  839- 

242,  297-2UB  ;  Babbit,  361-362  ;  Man,  470,  481.  483.  486 
Mesoblastic  somite:  Amphiox^u,  GO-61,  65-69,  S4-8T;  t'hiek,  242-244,022- 

32:^,  324 ;  Ma%,  482,  490,  490 
Meaobmnchial  nrea:  J/iin,  665,  666 
Mesogaater :  Man,  664 
Metacarpal :   Chick,  333-334 
Metamorphosis :  30 ;  Frog,  93-94 
Metanepfaros:   Chick,  ZVd;  J^tAMf,  424-425 
Metaplenral  fold  :  Am/thioxm.  37,  82-84 
Metatarsal:   Chiek.  33a 
Metazoa,  characters  of  :  1.2,  3,  27 
Metencephalic  Sexure :  .Van,  511,  613 
Mid-brain:  Frog.  118,   119j  Cbiek,   252,  266;    Babbit.   379-380;    Ma».  610, 

620-521 
Middle  cerebral  vesicle:   Chick.  252;  Babbit,  B19 
Mid-gut:   t'Aic*.  281;  «<fSM(.  399  ;  itfrtn,  646 
Milk  dentition  :  Babbit,  404  ;  Man.  661 
Mitral  valve:  Man,  673 
Modiolus  of  cochlea :  Man,  544 
Mous  Veneris :  Man,  697 
Morphological  importance  of  Amphioxns,  44-46 
)Iotor  cranial  nerves :  Man,  628-534 

Motor  roots  of  spinal  nerves :  Frog.  12B ;  Chiri,  273  ;  Babbit,  386 ;  Man,  BM 
Mouth  :  Amphioxu*,  40,  71.  80-81 ;  Frog.  148  ;  Chick,  287 ;  Man,  496,  646 
MOllcrian  duct:    Frog.   195-197;    Chick.  318.  319.  320;    Babbit,  426,  426; 

J/<lii.5!>0-591.  693-594 
Muscle  plate :   Chick.  322-323 ;  Babbit,  429 
Muscular  system:   t'Afc*.  322-323;  Babbit,  42i 
Mnsculi  papillarcs :   Chiri.  303 
MyelopODgium  :  Man,  523.  628 
MyooiBl :  Amjihioj-m,  85-86,  89 
Myotome  :  Amphioxut,  38,  67  ;  fVog,  199 ;  Chid,  323 

NaU :  Man,  606,  607 

Nasal  groove :  Chick,  388  ;  Man.  497,  663 

Neck ;  Man,  602 

Nepbrostome  of  head  kidney :  IVog,  187-190 
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Ne|.hro»tomc  of  Wolffian  body:  /Vi-ji.  193;  £»«i*.SiJ-319 
It«nv,  cbcrda  tymixuii :  Man,  S8S 

dom):  AmpMetat.iS 

eaclf  duTcIoiimvnT.  of:   /Viy.  120-12$;    CUfA.  Sfll-SCS;  JTim,  &£1- 

Utoml  line :  >Viv.  ISO 

nuutdibolar:  ^'m;.  132. 1  S3;  r»fj4.  3G9;  AiA*>7.  rtm  :  .l/.m.  iUG 

auxiliary;  i^Viy.  l»il  i  CAioi. ^JiJH :  JlatUI.SiH^  i/in.  n^O 

Oittitbalmlc:  /^V<y.  IRS.  18:1;   Ui^A.  ISO  t  i'«At»'.»!t|  i  .Uio.  &34 

pbrccla:  Jfiui.  GST 

rMuneiil  lnrjtnf>«il:   .Van,  57a 

SpLoal:  /Vnjr.ISS;   UirA, -JTU3TI ;  /fii AAvf.  3Hr>-3H; ;  JTorn.  B24-32}' 

KjrmpBtbi^tic:  /Vi<ir.  Ui;  C/Heil,2Hi  itnibir.ll'^;  Jinn.iJH 

voDUriil:  ABiplihrii»,ii 

lit  cnuiiAl  (cilfnctor;):  F-n>i/.  183-131;  Oiieli.  2IS0,  Sec^itt ;  ItMU, 

2r>d omnia!  i»pti<^>:  />»jr.  i:i3. 139.130;  Oi'ei.  W7-SC8.S79:  lUWI. 

»8».  38U  ;  ATif  n.  6S«.  &4U 
Srd  cranlnl  (ocalouolor) :   Mm,  153;  (^f.-<l,  SOS;  A«Uif,  SS3;  Xm, 

4tboraninlCrnlhctic):  /Vny,  l.t:ii  TAirA,  SAft;  AaiftVr.  >.-|:  .V«a,  S3I 
Btb  cnuiJAl  (tritrctninnl) :    Frtf.  VM^\.V\:  t hwi.  liii'J;  fiaMt.m; 

.Wan.  fiSl.  63S.  r>57 
6th  cranial  (aMiiMiU)-  *r^.IS»:  f'»«^.llB!l:  J?«Mi/,3SS;  *«•.  SM 
7tb  cr&iiMl  (fiiolu))!  >Vii|r.  ISSj   Ckith,  S4(-3II<1.  S«»;  TTiiUWr,  ;HH: 

ettiomnln]  (iiuilllory):  !■>,<),  \%l,  110;  r.'Alir',  STO;  JlriiMM(,3Nt ;  JVim, 

Sth  oninial  (tflusnnpliniTnKcal):  J>iir.  131 ;  Vlneh,Z}<i\Babi>it,M\-. 

Man.  fi3».  fiys.  067 
imb  craotal  (pneuinogaitric  or  vagiu):  /Viy.  ]2&-131[  CkUk,  STO- 

S71  i  J&fAiif.  3$t :  .Vm.  53.1.  fi3£ 
llth  CMiiinl  (^[>Eniil  ac<:iN«*.Uij):   (-'AJfA.  S7I  :  ItaOit,  SSB;  JAix,  CK- 

13ihomnin1  (liy^iagbMilJ :  t^iot,  STl  |  AiWt.MS;  iAM,S3I.&n 
Servp  odl :  J/nn.  fi'JI 
Ner»o  flbre  :  .Ww,  OKfi-SST 
NerrouE  layer  of  cplblnsl:  /Vty.lOS.lU 
Norvoua  B)nl«iD:  ><n;ijtu>j^«.  48^4.1.  GT>no.  (;2-l<3:  />^.  IIS-IU;  C.Xtrl, 

247-37*:  //iiMW.  S71-as"!  .!/«?..  5(i!»-538 
KcDmlcAiinl:  ^u./>jiiu-u#.  RR,  GS-S:);  A^itN.  IBL.ftlO 
NcuraJcreit:  />Dff,12T;  ('jSiVA.  Sftl;  Jfan,  £2fi 
Nemsl   fold:   Amy>iit?r«f.  AS-Aa ;  ^W   II»-1H;  diet.   S4B-Z<9:   OUttf. 

aeS,  371  ;  .Wan.  477 
Neowl  groove:  ^W,  li:i.lH;  f4t^,S4T;  flnifcf.  39.T,  S71  i  OT**.  471,  ISA 

i«i,r.oii 

NciinU  pliilv :  /1h.;iAhuw.  M;  rrag,'i\a.  \2':  ;   ('Air*.  Sir 

Xeuml  ridtrit:  /Vw,  127;  fjtiVt.  2111,  3113  :  X/ia.im 

Neural  tubu :  .4w>A>m>i<j.  ri;i^iiU.f.3;  /'ra^p.  U4-11C.1  t'iitk.i4i;  JAim,  Silt 

Nttuiwtetii;  OauiU :  Ji><)>4<>>.ri>t.  SU,  G3.  CS  ;  »««.  IIS.  149,  US;  £Ui4,  Sli- 

SGS;  .V««.  4B0 
Kenrobliuit :  /Vny,  I3!i;  t!,i^,iM:  -Vkm.  SU3-&SI,  SM,  6!$,  537 
Keuroporc :  Ampiiariit,  ISO,  63,  S» 
NictlutinKineiutrrHiK:^  T^'ri,  sav;  JlaWf,a93 
Ninth  moilLli:  .Vnn.Tm-MV 
Now:  />«.  I3ii-i;ni:  rAi^*.  :74-S7:. :  to»i7.  387;  J/m,  4»T-4S«, ««;  W 
NortriJ;  /Vitsi,  ISfi;   rtJ/-*,  275.  Z«(:  ifuji.  IR8 
XotMhard:  .l».;>&.:Ar.M.  37.  ai.  i;^.(!:>;  /Wf.  loo.   ISe^JtOI;  CttirJk.  34*.  351- 

327;  Jtahiit,  iSO;  JVnu.  IHO 
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Nuclear  Blccin  :  8,  15;  Frog,  97 

■Kutritioa  of  embrfo :  Amphioxut,  C7,  62 ;  Frog,  92 ;  Babbit,  370, 13G ;  Mam, 

Nymptue:  Man,  697 

(Ibplacental  iolAa  of  ut«nu;  Itabbit,  436 

(IccipitBl  lobe  of  brain:  Man,  517 

(><IontoblAst :  Babbit.  407 ;  Man,  560 

<K>opbagus:  J-Vog.  163-1S4 ;  Chick,  269-290;  Babbit,  403;  Man,  645,  648, 

548 
Olfactotj  copsoli; :  J-rog.  204  ;  CMek,  331 ;  Rabbit,  432 

tllfiictorj  lobe:  IVog,  126;   CTJct,  260,  267  ;  ItabHt.S79;  J/ow,  613,  617,637 
Olfactory  organ:  AmpAioxut,  43;  IVog,  135-136;  Chick,  266-267,  271-270j 

Man,  492,  494-496,  497,  638 
(Jmentam  :  Maa,  GG6 
Uiuiwion  of  aQceBtml  stages  :  28,  30 
Omoatemam  :  frog,  213 
O])eroalar  cavity  :  Frog,  161 
Oliercular  fold:  Fmg.  Hi,  161 
U|)ercul]ir  siKtut :  />">/,  161 
Optic  bulb:  lyvg,  137 

Optic  chiaamn :  -fVoff,  139  ;   Chirk.  259  ;  JJaJWf.  390 ;  Man,  614,  620,  640 
Optic  cnp:  J'toj,  138;   CAif 4,  277-279 ;  i/aifrit,  388-389;  Man,  ^39 
O|.tiolobo:  I'r.ig.  V23;   CTic*,  266 
Optic  stalk;  Fn-/,  12\  137-139;  Chick,  267.  279;  BaUit,  887;  Man,  610, 

'D36 
Optic  thaUoii :  Frog,  123 ;   Chick,  266 ;  Babbit,  374 ;  Man,  620 
Optic  vesicle:  ^'wff,  128,  136-137;  CAiri,  252,  260.  267,  275-27«;  Babbit, 

374,387;  J/itn,  610,  6;i9 
Ora  Borrata ;  Chick,  279 
Organ  of  Corti :  Babbit,  397  ;  Man,  C43 
Organ  of  Girald^s :  Man.  S93 

Organ  of  Jacobenn  :  J-hig,  I3I> ;  Babbit,  387 ;  Man,  495 
Organ  of  Kosenmiiller :  Maa,  5^6 
Outer  amnion  :   Chiiii,  246 
Outer  nasal  procUKs :   Chirk,  28H 
Ovary:  Amphiaxnt.  43;  Frog,  197;  Mm,  228;  Babbit,  345-349;  Man,  4D0- 

453 
Oviduct :  lYog,  Illo-197  ;  Ben,  228-229 ;   Chick.  319,  320 ;  Babbit,  428 ;  Man, 

594 
OvipositioD :  Aniphioxut,  44,  46 ;  Frog.  SOufll,  99 
OvnUtiun:  Babbit.  35U-351  ;  Man.  464>-45T 
Ovulation,  connection  with  menstruation  ;  Man,  462-46G 
Ovum:   siructure,   ^1-7 ;   luaturatioD,   7-11;  furtilisution,   11-13;   tmiceltular 

cLu  meter,  32 
Ovam:  ^injiftiax»«.43-44,49  ;  Frog.9A-\fX);  J9en,  220-222, 228-232 ;  Babbit, 

344-351;  -Uob,  448-456 

Palate:   CAidt,  275  ;   Babbit,  \0^;   .Van,  564-665 

I'alatoptcrjpoid  bar;  Frog,  205,  206,  207-208  ;  Babbit,  433 

I'otingenutic  cluiraclcrs :   28 

lUncrcaa:  /'rcy,l.i6;  Cbici.2'M:  Bahl/it,  ill ;  jVan.  664 

I'iincreatic  duct :   Chick.  TH;  Babbit,  ill  ;  .Viin,S64 

I'Hiachcrdal  cartilage  :   Frog.  HY.i.  204,  207 ;    Chick,  328,  331 ;  Babbit,  432 

I'.irepididymia  :    Man,  693 

I'.triftal  lobe  of  brain  :  Man,  617 

r;irleto-occipital  sulcus :  Man,  BIS 

I'liruojihoron:  Man,  6!)5 

Parovarium:    Chick.  :i20;  Bahhit,426;  Jfa*,  695 

ParthemigentisJs  :  l'>,  16,  17, 1)2 

Partial  liegmcDtation :  22 
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rtrtttrilioo :  BaibU,  iH-Ai&  ;  Jfan.  6I(~01S 

pect«D :  Chtti,  £79 

Pectoral  inrdia:  /Vi^r.  212-313  i  CAM,  332 

Pel»({ie  lifft  of  Ampliloxus,  47 

Pclvio  ginllc  :    /'ny.  213-215;  CAir*.  334 

Pclvio  (ij-iajilij^n  :    Praj,  31S 

pi-f>iit:  ifam,  CUT 

petlootdinl  cavity :  Frog,  1«7,  169;  0.>*.  381.332 ;  Kahbit,  »S;-i!8 

Perilymph ;  J-Yvf.  U2  ;  Afan,  S13 

PcrioUc  CftlBuIi-  ;  J^(V.   U3.  ZOl  ;  C*if*,  3-Jt-.  331  ;  AiM<r.  39fi,  133;  *««, 

I'orlplieml  norvoux  KyMom :  /Vojr.  1S6-I3I;  Cliak  SSI-ST4 ;  AdUi/.  3S£-UC: 

Pcriploomt*!  folds  of  nlirriis :  Jtahh't,  IHA 

Peritoavuni :  Oiuil,  321 

rArivBAcnlAr  uoll  ;  Uahbil,  i39 

Forivxnlllna  fliild  :  AWy,  IIM.  lO) 

PoTiDiuiciit.  ilcniiiicQ:  tCtMlt.VH:  .Viirt,  Ml 

V<iniiiitii!n(.  civa  :  /Vnjr.  yj ;  C'AJcA,  330 ;  XaUU,  BK-347 ;  Ma*.  4U 

I'w:  6'<tii.>*.S35 

I'pycr'a  pMcli ;  JVun.  519 

Pharvnz  :  JnijiA^ofw.   40.  7S-B0;  Ftrnf.  153;  CUtf;^  iKS^M;  BaUil.  tOO-'' 

403;   VxD.  G4a,6tfi.  AI-J-fif3 
Plirenio  nerri! :  JVhr,  Bar 
Plamaicr:  lbiMiit,3«l 

rim-albolr:  /W.isa:  CAin^.  3fi&44Ti  J7a&»if,  STI ;  Jfan,  MO 
Pirma;  /toiftit,  33H ;  ,1/11™,  »1'«-S00.  644 

FlLallary  l>o(3y  :  FrKfj.  m -126  ;  ri.Vi.  280. 283 ;  AiAW(.  ST6.  400 
FlRCeiita:  Atbhr.  343.  370-3;].  431-445:  ^VAn,61l-G15 
Flaaont&l  arwk  of  I'l^Uolermie  v«i-icl« :  Jlahhtt,  437 
Flttoontoi  Folda  of  ut^rao :  Nal^hit.  43!! 
Fleaial  cavity :  r/'>>jt.  :t2:;:  /foA^f.  4t8  ;  JAui,  £63 

PliOkMcailiinariii  ;  Man.  Gil 

Polur  tmly  .-  S-11,   ia-17i  A«iplihnu,  49  j  /V19,  »7.»;  Urn,  »t  ;  AHU; 

»4»,  3S0;  J/iu/F,  471 
Polnr  rni-anlilMt  crib :  Amji/t  }oxiu.  GG.  CO,  66 
Pum  VAn>lii:   llahitf.Sfil-  Mna.r.M.Mi 
Pusition  of  embryo :  Chiet.  L*2A.  228  :  **i**j*,  13$ 
I'otiWniil  put  -   n-ag.  ].1(UI67  ;  lUU-l.  401 
PoitlinttictiUllKxiy  :  /V,^,  {«( 

PottrrioT  rintvii :  />ry.  I3S,  14^ ;   CJKnl.  S75.  SSP ;  Vm.  197,  M3.5M 
Prcciml  pit  ■  jiiiijiAwiCHii,  7t\  81-82 
rr<Tijr»t>oid :  f>«g,2\3 
Frcfurmation:  £1» 

Pretinancy,  duntion  iif  :  jVati,  4113-467 
Prepublo prooou :  t'Aiei.iU 
Prepucd:  .Vis»,S37 
Primnry  klII-hIJM  :  AmpMaiiii, '&^n 
Pdmary  ToproiluccivvcglU:   12 
I'rimiipy  sulci:   jVmi,  StS-AlS 

I'rimiiin-grtwvu:   Fros.lll;   CA(r*.238;  RaMl.iO] 
Pfitaltlvoova:  12;  /Vny.  &A ;  (7AiV<^  22»-2ai>;  A'dAhf,  3iri-34«i  JKra,  Ul> 

4fi3.  d»2 
pTimilivesp^rm  cells:  .I/an.  593 
Priiuiiivtf  ttiwk:    f'ri^.  III.  140;  Ciiflt.  S37-S39.  SIO,  SSQ;  OtUit.  Kti 

J/«n.  479 
Pw-jimiiion  :  ^Al.-i.  241.  24G  :  WnW.'/.  369 
Prt>iwA»ii«  (Elubulnriii :  Man.  107.  G04.  bU-AM 
rroctwkiiun:  fny.   145.   14il- ISO  ;  CkxrJt,  !K3.  »I-2»I;  lUtMtt,  lOt;    JAt^ 

SI  6.  619 
Ftonephroa;  fh>g.  l»5~lil ;  Ctti*.  m-3V) ;  JttbM.Ul 
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Pronucleus,  female :  H,  13, 14 ;  Frog,  100  j  Rabbit,  361 

FronucleuH,  male:  IS,  M  ;  Frog,  100 

Protoiertebra :  Amphioxui.  8*-8B  j   Chick,  244,"  S22,  324  ;  Man.  482,  490,  496 

Protovertebial  Hegmectation :   Chick,  323 

I'rotOEoa:  characters  of ,  1-2 ;  reproduction  of,  34 

Retylia :  Chick.  337 

Pnbeti :  Frx^g.  214  ;  Chivk,  334 

Pulmo-cataneons  aich :  l^og,  1T9 

FnlraoDarv  arch  •  Rabbit.  417 

Polmonary  trunk:  6'A*r'*.306;  J?aSW/,4l6;  JWitn,  572,  S78,  576 

Pulp  cavity  of  tooth:  Frog,  ill 

Pupil;  Chick,  279 

Pj-gostyle  :   Chick,  328 

Pylangiam  :  Frog,  1GB,  169 

Pyramid  of  thyroid ;  Stan,  658 

QuadiBte  cartilape  t  Frog,  203-206.  207-208  ;  Chick,  330 
Quill:   (7Ai>i,336 

Babbit,  841-447:  preliminary  account.  341-344;  the  eftg-  344-361;  the 
early  stages  of  development,  3G1-362  ;  general  history  of  the  embryo, 
3B2-371i  nen-oasByHiem. 371-387;  Ben«oor}tanB,387-399;  digeativ* 
Bjstem,  399-412;  heart  and  blood-veaaelB,  412-421  ;  excretory  syrtcm, 
421-42fi;  coelom,  427-4^8;  muscular  system,  429;  skeleton.  429- 
433  1  skin.  433-434 ;  placenta.  434-446  ;  bibliography.  445-447 

Kate  of  development :  AmphioxM,  i>i ;  Frog.Vl;  Babbit.  3\2,Z&I 

Kiiuber's  layer :  Habbit,  358,  MI 

Recapitulation  theory :  24-34,  46,  90 

RecessuB  labyrinthl :  ^1/1111.641-542 

Recessus  vestibuli ;  Frog,  142;  i^a*W^  393,  395;  3/<in,  541,  542 

Rectal direrticula;   Chick,2^\ 

RectiGcatioii  of  cranial  flexure  :  Frog,  120 

Rectum  :  Chick.  291  ;  Man.  549 

Be|:encration  of  uterine  epithelium:  Jtabbit,  446;  Man,  61B 

hcichert'e  ovum  :  Man,  4T2-47(> 

Rejuvenescence:  IT 

Reproductive  organs:  Amphioxim,  8R-89;  Fpty,  94-96,  197-198;  CTiri,  228- 
230,  31U-320;  Itahbit.  344-346,  420;  Man.  449-4CC.  591- 
698 

Respiration  of  embryo :   Chick,  228,  294  ;  Habbit.  435 ;  Man,  613 

Ketina:  /"wy,  138;   CAiV*.  278;  ffaWt,  389;  Man.&iO 

Rib :   Chick.  327-328 ;  Ilahhit,  430-432 ;  Man.  649 

Ripening  of  egg:  7-11;  *>w7,9e-99!  i/w.  230-231;  i^aMiY,  340-380 ;  Ma», 
471 

Roots  of  cranial  nervos  :  Man,  531 ,  634-535 

RootK  of  spinal  nerves :  Man,  624-626 

KorcnmUUer,  organ  of :  Man,  596 

Sacculus;  Frog.Hl:  Habbit, &W;  JfuN, 641-642 

tiaccns  endolymphaticns :  Fnig,  142 

Hacral  vertebra  :  Chick,  328 

Salivary  plund :  Man,  559 

Scalk  media  :  Rabbit.  397  ;  Man.  543 

Seala  tympani :  Rabbit,  397  ;  Man,  543 

Scnla  vestibuli :  Rabbit.  397  ;  Man,  643 

Kcapula:  FTog,2\^;   Ckick,TAZ 

Schiiocajl:  CTiV*,243 

Bclemtic :  Rabbit,  392 

Scrotal  SHC :  Rabbit,  426 

Scrotum :  Man,  fii'7 

feenml  month :  Man,  503-505 
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g«ooiulary  Kill'*Ut«:  JmfiJUoj>w.  7K-T8 

SSKoiMiUlduol:  J^,  1S&-1»().  vn-l^i 

tiMllieBtoUoii  Ot  MK :  14-ir^  \7~V2,i:  ;  Jimpilonu,  4ff-S3:   f>^, 

tSiiii.  sai-SaA;  //aW'f.Sia-Sll;  .V»-,  471-477 
HegntentatloD  cavity  ;  AiaiihU'jiu^ai-iCi;  JVoy,  1(^,  1U»-10?;  C'U«k,23l 
tJepDentntioQ  n-uclpus :  U.  1 4  ;  fVir^,  !•)».  103 
8«ialcu«iiUr  csnal :  /Vo^.  Ul :  HatM.  :<»».  3V5 ;  JTim,  fill-M2 
Somilaaar volTfl  :  ri(.-<l.  SO'J -,   /ilaAM,  41ll  i  Jtan.l'S 
Xenae  MjMule  :  /'m^ ,  SOt-'iik". ;  /Veil.  :i:!il'.t:«i 
SOOM    oTgaiw:    Fny,    IHI-USj     C'Ai^A,   XT4-3J41 ;    JlatHl,    MTSMi    H-t*. 

QSm-GU 
KoOMirr  onnial  ucrvcs ;  Mat.  .t39  S30,  53t-M8 
HcnsoiT  rooto  ot  «|'iiiat  iilttus:  /I m/'Aitvun,  ill;  Z*!^,  ISI-ISti;  CAMi,tr)- 

ISapantioti  ot  I'lacontii :  Kaktnl.  144  ;  .Vim,  614 

Sfptnm  interim)  r  .V/rrji,  s;i,  &;3 

SvJrttiTu  Dnrium  :  .lAix,  uhti 

Bejitaiii of  ttoncua >rt«T!o*iii>  :   Prtig,  IAS  i  (?)icA,301,30iS.  SOS;  AaWi,4tG: 

^M,  671-S72 
H«|>lum  »piiriucii :  Man,  5*0 
Stptttiu  gup«f  liu :  ilan,  569 
SereDlh  month  :  Man,  50T-G08 
tt«x.  origin  of:  34-30 

Srxnal  rUSnonlMiiiMi:  nv^,  95;  AaJiM/.31it:  iVnii,  4.13 
SImU  laeinbnuie:  //<«.  SSO.  9!9 
l$inu»  pMcwnriculU :  Htm.  ^9\  SOS.  RGS.  UP 
Sitiiift  i«ntiiiuilij<:   CttAi,  31U:  /faJ'tiY,  Sr.H.  130  ;  Ma^^,^K^ 
Sinn*  vunD'.uH:  »n^.  I  rift.  1  Kl ;   CAf^it,  301>  i  JAii**/,  418,  114  ;  JVm,  W(t,  ATI 
8lan*cti9lplo0ca1*:  JVnq,  612.614 
eizili  raonili:  iViin,  GOT 
Sixth  weeli :  .Von,  G01~-G03 

Kkel«ton:  /-r,;D.  IDS-tiU;  fhUk.  324>33&;  AlWf.  4«MS3 

Slclii:  P,iW,t.  i^S-V3{ 

SliiiU;  ^%^v.sni.aiO:  rSiV*.  31S-M3 :  JUaWtt.  «S-4« 

Kotnnlic  Ikfcr  of  iD(«tiblAM  :  Chieil.  Si'A  ;  UaiUt,  137 

S-iroatoplpurc :   C'tUk.'JiV 

tHiiHilt);  jlm/jANWM,  CO<ai,  4&-li9,  S1-8T;  CiWi:>t,S44 

Bpa«n:  ^n^.  Sl.DO 

Spairoliif;  pertixl ;  Ampbinnu.  tn ;  yrag.  M 

8i>e«'R  embrvo :  Man.  i'.iKUl 

SpftTBialotnoii :   13.13;  Amphior-4.  U  ;  /V.y. 09-100;   {Vtiek.  S:«  ;  Jtf««,  ISt 

Sphcnoulnl  ■iniia;  Mam,$id 

Sptnu  vtBtibuli :  Miti*.  £(t9-QTl 

BpiuHl  oirti :  J-Vaj.  I  lil-l  IT  ;   OiicH.  H9~m  ;  Jt^Mit.  381  ;  Jfrnr.  .'i91~G2S 

HpLnnI  TiorvM :  ^yiy,  ISS;   CAict.XHSJi:  Il*tb>t,  ii^i-HM ;  .Vim.SSI-Km 

SrUnchniolarororuieaoblaat:  6'Aic*.>13;  ltabbi$,in 

Spl^iiiclinnOF-.i :  >4i»/iilitWW,  8S-A6 

K|>l:iTi(^lirui|>l»un< :  C'hM.  Hi 

Sj)l«Mi :  /'ny.  IMS 

S,.lliti<,eotiii<^.<>1)la.*t:  n;rt.  94:U314.-JIC:  £aUi/.-(S7:  ;K>i>.  (S3 

fi^-.nj;irtl>!iiiil  ;    .Va».  i23-S2t 

eiii.j>«:  /'n^.  si>l. -.'(IV ;   CiM-il.  3.10;  /fnWr.  XW 

Stvranm;  /Vr^,  SIS;  CUri,  :i3!  ;  /£riA»if.  4:lS 

SidDMOh:  CAM.^Oi  lUMlLiO'S;  Mmn,  Hlh  6AT.,  tUS 

StowAtoOmaa:  i'nv.  140.  ifS-lt-.i;  Ovt,  SM,  281,  28t-S89:  AiMif.  100 

Jta*.  4!i:j.  IW),  4113.  5tfi 
HtraUEncompaolumaf  (ieriiliin:  JL/.Tfl,  GID 
Sltatom  t^poDgioaum  of  iJccicliia  :  Jlii»,  610 


INDEX.  637 

Subnerminal  cavity :  Chiek,  236-236 

Sucker  :  froff.  92 

Sulci:  Man,6lS-B20 

Saperficial  scKmrntatiaii :  22 

Supet-fuetation :  Man,  609 

Sapro-pleius :  I'mg.  124 

Suprarenal  body  r   CAick,S20;  Babbit,  S%6-3S7 

Huprascapula :  />(ty,  213 

Sylvian   .iqueduct :  I-'reg,  123 ;  Ckiok,  266 ;  Man,  520 

Sylvian  QtMurc  :  .Van,  &14,  616.  61^ 

Hympathetio  nerve  system:  l^iog,  134;  Chick,  274;  BabUt,   38&~88T;  Jfo«, 

63H 
Synangiuni:  Frog.lt^ 
SvMteiuic  arcli :  hVog,  ITfl ;  Rabbit,  417 
Uystenijc  trunk :   Chiek,  306  ;  RdbUt,  416 ;  Man,  B72,  673,  G76 

Tn(ipole :  F-rog,  92-94 

Tail :  Man.  492,  49{),  603 

Taranti:   rhirk,  33B 

T.-etli;   Tadpolf.  MO-IGl ;  /rny.  210-211  ;  J;a66i7,  404-407 ;  ^fl«.  669-661 

Telolccithal  egg  :  7.  19  ;  Frog,  101 

Temporo-Bplienoiilul  lobe  of  lirain  :  Man,  617 

Testis :   Ainphioj-iit,  44  ;  liahUt,  426  ;  Man,  507,  508,  609 

Thftlameucephalon  :  Frog.  123-124;  Ckiok,  268-260;  Rablnt,  874-378;  Man. 

510.  r.20 
Tliird  moiilh  :  Miia.  50fi-B0fi 

Tliinl  venlricki:   /'m/,  123-124  ;   Chiek,2&b;  Rabbit, Zl\ 
Thinl  week:  .I/rtn,  4Sii-4!»2 

TliymusT  /'n-ff.ie4;  CTi>i.  280; /iiftijr,  408  ;  JUflH,  568-559 
TliyrogiiBwnl  duct :   Man,  C57 
Thytohval;   Hrtig.  209 
Tliyroiti  bo.ly:  J-Vny,  162-153;  Chick,  288-28G ;  ilaSKt,  407-4C8;  Jtf<i«,  B5T- 

S5R 
ThvToid  cartilHge:  .l/an,  562 
Tiib:  J/iin,  601, SOS 

Tongue:  Frmj,  IS2  ;  TAic*,  2SC ;  Rabbit,  402-403;  Man,  663-657 
Tonjrue-bnr:  AmpMoxut.  78,  88 
Tonsil ;  Fn-g.  UV.i 
Tooth  SBC :   l/iMiit.  id' 

Traliecula;  cninii  :  Fr-g.  2(13-206  ;   Chiek,  329,  331 ;   liabbit,  432 
Traciiea;   /ViiVt.  ai>2;  Jtahbif,  \m  ;  Jlitu,  Z^2 
Tractu>  (ilfacKirius :  .l/un,  517 
Trajriis  :   Mun,  'M* 
Tricii>piil  viilvu:  Man,  573 
Tntronum  olfiio'orium  :   Man,  617 
True  Bmiiion :   Chi€k,'iia;  Man,  ill 
Tmncus  arteriosus:  Frog,  lGB-169  ;   Chiek,  SOO-303,  806-306;  Rabbit,  416; 

Man,  6Hfi,  567,  671-573,  574 
Tnberculura  anteriua  helicia  ;  Man,  499 
Tuberculum  anthelicia;  .Van,  499 
Tuberculiim  nnti  tragi  cum  :  Man,  499 
Tuberculiira  impair:  Man,  65'>-.~>67 
Tnbercnlam  intormoiliam  hclicis ;  Man,  499 
Tnberculnm  loliulnre:  Man,  499 
Tubetciiliim  of  rll>:   Rabbit,  430 
Tubcrcutiim  tr;iL;u-um  :  Man,  499 

Tubnlitcr'ius  li,-~iie:   Frog.  197;  Rabbit.  345,  4:;e ;  Man,  450 
Tuni&i  iilhunini  a :  Rabbit,  346  ;  Man,  462 
Tunira  tibri,^;i  folliciili  :  Man,  454 
Tunica  gnmiilosii:  Rabbit,  349  ;  Man,  464 
TiiDica  firi'pria  folliculi:  Man,  454 
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Twialine  ot  umhilkftj  ronl :  ifiut.  OOI 
Tympmik  tftnllaee;  *Vi)j.  I4S-U* 

Tympanic  <«vitv:  >Voj?.l*S;  /'Ai^SM;  *4ifi»i(.  399  :  .Van.  Ml 
Triii[>anii;  motiiljrnnn:   P/ojr,  U:t :   6'Ai«l.  335 :  ifaMif,  S9$;  Mam,  G4t.  BM 
TyniFaan-Euttucliiaii  pa^sii)^- :  /Viy,    U3  ;   £jtli?i.  2ft5;   JZnUJf,   39!i    iba. 
844 

UmUllcnl  cord  ^   .Van,  SOr>.  Ii99-e0i 
CmblUoiu :  'Vai.  r.<n:,  cm,  Mii 

Dnuihiw  :  Ifan.  A9U 

UKter:  >V<)^.  lfi:{-ll>G:  ChM.3l9:  ibiAK  (9S ;  .Vm.  WO 

tJntbml  cailAl :  .Vin,  69' 

CriniuT  OTRKiui:    Pnff.    W-\97 ;    CAUU.  3L5-3M;   AdlUf.  4il-Ufl;    Jha, 

Urinnrv  tubiilfs  :   J/nn,  &IIO 

Uriiiut;«iiiUl  putsuK'^:  Jial/bit.  iU,  ^25 ;  Man,  Ofi.bVO 

Uroliyal :  lYvff.  206 

Diiwicr&l  vntobra :  CMck,  ii$ 

UrMlylg:  ftw,  ia9_S01 

UuriQaBaaUnoD:  3U 

Ut«nncBliuia>:  Alafii^;/.  437 ;  .Vn«,  4eiMr.a.  MO^SIO,  filS.  «l*-eiS 

Ulcnis  :   fteit.  33  I  ;  Jiahftit.  4S«J  i   J/»i<.  ^'M 

X'lKtttf,  iDaiiciiIiiiiui :  Kabh't,  4Vii :  Ma.",  G99 

Uuiculo*;  Fn^.  Ill  i  ^/riAJ'it,  3US  i  ir<i)«,  61I-SU 

Vnaina:  Siihbit,itti\  jVan.  S84 

VkIvm  of  livnrt :  />»(;.  16T-IG9;  CTAinl.  301-303  ;  A(Uir.4l4-1l6[  JfiM[,lrt 

VftMnbemuttin:  .V<t».  K93 

Vmu  «fIotDi>iia  :   fV«7,  l!>7 ;  Chifii.  3S(I ;  J7rt6»;/.  49G ;  Mu»,  GIU 

Vwdufureiur   (Viit^A.  HSO;   Sahhit.iZ&:  Maa.tAi 

Vefns:   ^Viij.  ISS-ISB;    TArc*.  .1118-511  ;   KaHhil .  H% ;  Man.  6-!«~Wl 

Vein,  Allorciit  hitpilio:   ('A1M,»(J»;  Mu,  !;79 

n.Ujtii(»ia:   af.rh.^\fl,-M'\;  Itafibil.Wi;  iVmi,  QG6,  S31.  «»,  CIS 

nntcrior  tibdumituil :  /'(i>^.  ISt 

»ntfriur  taUTliiml :  />w/,  IS,?;  Chivi.  30S  ;  .Vnii,  082 

aiiterioT  vuna  cai-a ;  Ckiek.  308-30ii;  Natrbit.  114 

aoroaiM7  «!dih:  .V>iii,  58'J 

Ouvi<.iiftn;   ^V.  ^^^l   C>tirk,%m;  S<th^t.A.U;  JVon.  K8,  Ht 

dnotai  viMirMui. :   C)>n*,S\O.S\*-.  Jfun,  MI,  fiS5,  &86,  587 

clIoroBt.  hepntio :   Cin'A.alO;  .VriH,*71l 

o^Kfrniil  JDRulnr:  Maii,ii2 

fHCiiU:  /Vw;.  lea 

hepatic.  {■Vwj.  IM 

hupeilic  iwiDhI:   .(/an.  nao,  dSl 

iliac:  .Vim,  r.Sl.fiS9 

ii)f(irii>r  juaulnr:   frog,  ISt 

iiil.crnat  ji'i-C'ilof :  J/sn,  M2 

JiiRnlftr:  /Voy.  IBS:  Chick.  309;  Jtet,  «89 

tDMiLiK  veno-ti*:   r'Aiet,  293,  S09^  311 

muwiiiieilc :  I'.'Aii.'A,  310 

[.ccjornl:  Chiri.  a<t9 

po*t«riar  cxrcljnal :  /Vm,  183;  CkitKtOS;  A«MtA43t3:  Jbi*,  582 

pMtvrlor  vona  Qivn:  />iv,  184;  tltic^  30»-4lli  BAtbit,  U4  :  Jha. 
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pultnomir; :  /Voy.  l^r>:  JVan,  S8S 

runiilportHl  ;  Fn<ff.  IW 

giniiM  annular!*:  JAi n,  r>l)0,  SS I 

■nlbdnvinn  :  .Vitb,  np2 

vena  Aniiitii :  ^I/rin,  581 

Venn  aac end etis  :  Jfun.  061 
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Vein,  vertebral :  CUoi,  309 

TiteUine  :  rrog.  183  ;   Chick.  300.  809,  310.  314  ;  Sabbit,  il3,  114.  420  ; 

jraii,S6S,  6T9-e8].ti02 
Velar  plates :  Frog,  163 
Velar  tentaclea  :  Amphioxiii,  60,  81 
Velum :  Ampbioxwa,  40,  80 
Velnm  me<lQllte  anteriiu :  Babbit,  380 
Velam  nedallai  poaterias :  Itabbit,  381 
VeDDQs  valves  of  heart :  Itabhit,  414 
Ventral  commissure  of  spinal  cord  :  Man,  526 
Ventral  fissure  of  spinal  cord :   CkirJi,  2u0 ;  Man,  627 
Ventral  roots  of  spinal  nerves:  iVoj,  128;  Ckiclt,  273;  Babbit,  385;  Man, 

524 
Ventricles  of  braio :  Frog,  116,  122-123  ;  tea  alto  Third,  Fourth,  Fifth,  and 

Lateral  Ventricles 
Ventricle  of  heart :   t^og.  I8S-169  ;   Chick,  3C0-303;  Rabbit,   416;  Man,  606, 

667,  571 
Vontrioulat  septum:  oAini,  301,  302;  Rabbit,il6\  Jfan,  672~£T  3 
Vermis;  HabUt,  380 
Vemix  catteoea  :  Man,  506 

Vertebral  column:  /'«iff,  198-201  r  Oicft,  324-328  ;  AtftK/,  430 
Vertebral  plate  :   Chick,  244 
Vertebral  segmentation  :  Chick,  327 

Vesicle  of  brain :  Frog,  118;  Chick,  252;  Babbit,  371;  Jfan,  481,  491 
Vesicle  of  hemispbercs  :  ^Vo3,126;  Chiei,260;  Babbit,376;  iVan,  BIO,  61< 
Vcaiculaseminalis:  Ao^,  194-196 
Villi  of  intestine  :  Man.  649 
Villi  of  placenta  :  B^ibbit,  441 
Villona  zone  of  placenta :  Man,  G12 
Visceral  arch :  Frog,  169 ;  Chick,  283-284  ;  Babbit,  400-401  ;  Man,  487,   49G, 

498-*!)9.  660-663 
Visceral  cleft :  Frog.d2,  167-1(H):   Chick,  2&3,  2H6  ;  Man.  i90,  492,495,661 
Viiicerat  (froove  :   Chick.  28.1 ;  Babbit.  400 ;  Man.  560, 561 
Vii^eral  poncb :  Frog.  io7-160i  Ckirk,2li3;  Jlabbit,400;  Jfun,  650, 6S1 
Visceral  Sheldon  :  Frog,  200-207 ;  6'Aic^  330-331 
Vitality  of  ovnra :  .Von,  466 
Vitelline  circulation :  Babbit.  420-421 

VitelUne  loop  of  intestine :   Chick,  290  ;  Babbit,  403 ;  Man,  647,  548 
Vitelline  membrane :  AmpMoxiit,  i9 -.  Frog,9^i  Men,229;  Babbit, 3t9 
Vitreous  bodv :  Babbit,  892 ;  Man,  639 
Vocal  cord;  J/n», 662 
Vulva:  Babbit,  ii2 

Whartonian  jelly  :  Man,  603 

While  matter  of  brain  :  Babbit.  382 

White  nuLtter  of  spinal  con)  :   Chick,  260 ;  Babbit,  382 

White  of  egg :  Hen,  220,  229.  231 

White  jolk :  Sea,  230 

Wing:   (■■*((-*,  332-334 

Wolffian  body:  iV^,  191-193;  Chick.  816-318,320;  Babbit.  422-424;  Man, 

588-690,  693,  595 
Wulfllan  duct:  fyog,  1»:)-1U5;   Chick,  316-316,  320;  Babbit,  421-422  ;  Man, 

GSM,  593.  fi95-.S96 
Wolffian  ridge  :  Man,  492.  496.  601 
WoltBaa  tubules:  Frog,  101-193;  Chick,  3UU318 ;  Babbit,  422;  Man,  B89, 

693 

Xiphiatemnm :  Frog,  213 

Tellow  yolk  :  Hen,  230 

Yolk :  4-7, 19,  29 ;  Frog,  96  ;  Ckick,  320^22,  829 
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Lirii'iiiiiir  illmtrnad.  Wd  inas^  (IM  fUfU 

of  tvliiii  'qU  eiBoto  inl  «ompl*l«.    la  (On- 

duiivT^  K*  attij  lay  Umi  •m  Hatati  "M  bu 


tnalw  win  Sb'I  th>t  III  hH  •••*  iti,\y  flari 
A  muun  <t*'<^nhB  mojtfu  nvtZjAliof  nilon^ 
«<i|ilral  iii*ntlMlr)n.  bnt  ■  nanil  twnrMff* 
el  U*  WTtni  itruttun*  ut  itUcb  Uio  boAj  !■ 

t001(»ll,J.'  -LA.VCKT. 
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MANUAL  of  PATHOLOGICAL  HISTOLOGY.    Hj  Pousu. mi£  BAxrun. 
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•.In  •Anlrabls  n|«iilan  nr  kll  that   I*       •«■•  aun  ef  patlwIogT.*-  LuntuN  Uaplut 

'     ItHXillli. 

■  ««  mar  aMr  (MaMMna  i&>  mwV  aa  IW 
h>r«mart  Iml-buah  ot  lla  rtan.  *»!  *■  an  ea^ 
lain  I  lal  U  will  ■««  I*  «liUf  MtiM  bgr  WUJ 
l»  wboiu  Uw  wIcIbU  ■■<  *  oaad  bMk.' 

La.\cbt. 


fpawHHf  til*  EBUHMO  liLvKOiOVT  v(  Ul* 

>aiid«ivuHO(Unbu)nM>  ttiltj.  .  .  .  Wa 
•toaa>4  b*  bIbI  u  *•  U  In  tlx  hao^  of  all 
Mklint  lU^Miu.  and  ot  all  Uuai  vtw  wUt 
lu   knap    (JMinwln*   IHlOnMt  Ol    Uk    pr»> 


r  A  TEXT-BOOK  of  PRACTICAL  HISTOLOQY.    Witb  M  OtiOiM  mu«. 

I  Ootoum  Plau  anil  t:  Uii-.il KiicrtTtrpb  Uf  WiLUtV  »n<UJ»t,  1I.I>.,  HkDL,  rJLAJI. 
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ELEKENTS  of  HUMAN  PHYSIOLOGY.      Uy  Dr.  I.  HKuaAXX,  ProrMor 

al  I'lifihTiufT  In  Ilir  I'rlvEimji  it  /.ilililli.  Htrni-I  BdLUiiD.  WuHrrlj  nOV*  tiMI  IW 
Slcili  Oananii  Hlilon.  with  rmj  antnimt  AdiDtloM  anil  Baoj  vliltitoaal  WaodHML  Hf 
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ELUS'S  DEMONSTRATIONS  of  ANATOMY:  l>vinic»0iil<lo  to  the  Rnow- 
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ILLUSTRATIONS  of  DISSECTIONS.     In  n  !^«ri<->  of  Ori«(rA]  OoIostccI 

f-ook  Uia  iiir  ul  Uli'.  hURMwilua  tiH  UlaiM4JMi«<  Ifta  Hoaan  fta^jr.    II;0,V.  lui* 

amiaH.  MNb    l«|WfU  Igltk    IioM. liaU-biMiii In nuraank £•.«>.    Hay *bo k> b*.l 

In  rar«wMMU<r.  pmt  I M  A  b.  M.  «ac]i :  ran  II,  I*. 

'WUk  tlHM  idMs,  andaaoh  at  Onm.  W   i  moBm  nan.     TM  aartiiaiaiwAMbn* 

Mirito,llia|pwr>«<(«ba««tlril*dlaU>      urraoa  aBl  »t  luBy  nmla-M  ut  ■■  Mat  t» 

aiitalBn  I  ami,  aodnt  Ihdr  guMauo*.  t«  aay       MarilMt  la  aaatonj  nrhta  «pi«i« ' 

■My  ■BhHoim  Ui  nolj  iil»D  Onl  at  tto  au-  I  «aapfnuaa.'— IIkimgu.T>mb; 
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<OuUlnlTnnrotilwinn«  rtntirkaNo  pnh- 

tti»  wtTtn*.  *tln«,  fto,  urn  odIot"''  IbHw*! 
Mnd  dncriml  >a  mv;  Mill  Uic  krlcrlfi  *ai 


nlllliT  iiikI  m-fil.  iin-l  nflivt'  tmtU  m  dial 
■rtbi,  af.J  slot  un  il>aw  ««•  Im**  tW<M«i  , 

11.— Biurnii  HuiiOAL  jQimiu 
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'  AIUijv<Uiar  tlm  b»k  U  (inn  nr  vMcli  w« 
■n  alilB  to  mall  Id  tmrmrit  un'|t»U(lad  hr- 
iffOMl.andwItlilmMlcai  alonoilake  lupUee 
ua  hriurlU.  tniUnrartiiy.aniletivllolt  Ruhla 


In  tlia  atnilr  snd  Imwont  of  Him  iiattti*] 
aT«  led  dlmrdcn  at  ttx  tMsb.  aad.  ••  aiA  , 
b*  oUndToIr  OHd   br    |*»ctlMMl.  «1 
«ad«iU.*-BianH  Umiotx.  Jocnuf. 


A  TREATISE  on  th«  THEORY  and  PRACTICE  of  HEDICIHB.    Br 
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pint  bw  j«in.  >uil  for  wlileli  li«  Lm  ndehor 

III*  Un*  B«r  tttqiwnliT  tha  optwrtanitj'  10 
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{sarsala.    Tbg  (tjla  at  tba  vurt  h  nlala  a&4 
aald  :  Uioavb  smUnvd  It.  la  aM  baU.    Aa  j 
an  aeSDnla  andpnJMinnHiytiiMivitlaaOl 

MfhHt  eider  «(  nertt.' 
BMRM  lUnUI.  AKD  KmoMU  JovniL 
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■od  I*  the  Bo/kl  CoUaia  et  fhyileluib 
l^T  niulnUato  (nd  »  I'lAle*.    SSa. 

'Ttwa  Kilniim  UM  pcaltWr.  in  IPi«  liltrbaaC 
rsalL  of  oiHivu-iK  irorb.— l^:tc*T. 

'W«  Dead  w«r«i>  h>  th^i  *•  raoBipairDd 


J  (uU.  tarns  ••%     StvcuUi  BdlUUk     WIU 

It  to  pmnxianrn,  MMbtn.   Mill  itBdMAi. 
11   i>  BKioiiil  M  DD  (iDilltr  (naiW  la  iHir  , 

laDtfUA^V.*— HlUXftCHUlI    U  lU^ICAL  Jut  tVAl-. 


A  SYSTEM  of  OBSTETRIC  MEDICINE  and  SURGERY,  Throektical 


H<iii.j[l1;  Iji4ii4ljll11t|    l*li>.j4X*Ji   to  tb«  Cb*l«M  ilfiflptUl 


MilMUitSnWhl4lwlnlI»|ilUI;'JI«ittrtct'Ii)iloiuitaU«HtcMX(inlM(kHMptMi 
Pb/MaiuM  lb*  Chwva  tlwiiuL  (nr  Wuuuu.    i:aupiaaia*  nik.  iruli  mumnvat  UUh- 

UMMofc   hkl   t«i.  I..  iT».:  Vtii.  11, 10*. 


•tit  book  dmO*  but  m  m  nsl  lo  t« 
mill  fti^il  KtiruiAl,  oiiAnipuEiTiK  niaviult/ 
fell  "cvt  uv,'  IhuJ>  m  •m,  lU'l  >1U  un- 


qMMIonabljr   pr«T>  ■    nlwiMe    conpHtan, 
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A  TREATISE  od  SOBGERY:  lu  FKixoiFuts  kod  Pbxctiob.  Dr  T.  Uolnbo. 

M.A.'.uiiaiKl'.UA.s^l.iouuluatSBipBBlgtUUiunK'i  UuiiliiJi  Uamlv  AanW  4«  l« 
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*  Ur.  Pick  baa  twin -I  tbs  alialD  uuk  rnoic 
thotooiU}',  hM  (iHeCFiIlj  iiTuuKlit  11  ti[i  lu 
d*MbMit  bMlainrpMMwl  ■  Mtiat  dn>l  dl  tin 
BMion  UMlilnv  in  (Mkolocy  ud  iiMoUml 
«r>>r]t.  .  . .  Wc  ara  lan  (bai  Mlii-4ltHin  aiill 
Itoytlj  will  Is  tlx  HMM  re^Ullmi  «IMn  Vtila 
ta»(KafelM>  lor  a  ladf  unw  b*l.  —  iMinaT. 


*  Tbia  Mltlan  >i]*]p  Ailrt/alkiM  lolwf*b(Mi 
Imncbl  tlKTMuitii'  up  to  ttn  t*nl  (4  Uio 
fwiat  iwetai  UHialsIti^  ui|  bo  iIobU  «ltl 
i«(Mllilb*pM«iil>l>>bihIiD»HMnutandMM 
Dtt  ^Md  M  otu  III  lb*  •uodkni  trMiiMt  on 
•BFveO'*  ~  BnniMi  JUwmi.  JonoiAt. 


A    DICTIONARY  of  PRACTICAL    8VR0EBY.     Hy  Vai,ov»  »un«it 

iloitirii.  Bciu>».'M.  kii-iui  II)  I  BuiaTui-kMii  ULiTii.  r.B-U.s^  liaiM  PnrfMH*  at 
<.1latnl  Hnrifffr}  In  (Jnivimiij  l-'itllflu^  Ijoaovo;  BaifmA  (a  Cfilrcnlij  Otllav*  ll«if4loL 
ItuntiBr  M  til*  LuumU  luid  Ouan  ul  KuftUiMt  irf  iti*  ILojol  CitWir*  o*  Mui|iiu>  i^ 
Ki«Ub1.  lDSt>i>1an)iii|irfiliif  I.NIwcm.  TmM  IUIUoB.  IWyal  tia.  prte*  M4,  bM*a 
"  ■   ■    ■      .til. 


IB  elou ;  or,  in  bill-iuiirttna,  niatUwl  ■ 

■AllaicMlwt  tb*  nrk  li  K;«vllt  lo  tbo 
•nonj  ul  author*,  »tiior.  afinl  |Hibllift«T.  and 
Mil  rank  bl||li1f  •IWDior  RilUib  !<ili|<rj  ti 
onaoludi  aiHl  mm tcm  iba  Knilub  laugpua* 
la  BBiMrMuiid.  All  lu  n>nUICiii(vM  ar*  tu  bt 
oaMraiutaisI  npvu  ••>  api'vannot* 

UaurUB  JIWIICAt.  JOOMTAk 


'Tbo  mitaeu;  irlll  itmiA  adiiabMIr  ■• 
OBo  of  (All  biMt  irvtlmwtkj  wo>ti  o(  mtww 
puUlAid  In  aiuiiBm  lMi«  apoa  praellul 
aontHT,  Mil  will  tmm  •  talualM  Mi  bIboA 
•■MniWacvayaatMUwvnMUttMMtii'tMn*!.' 
LnjauvK  MBIitOit  Raco«Mi 
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An   INDEX   of  SURGEBT;  Winr  >  CoticIh!  flwnficaUoB  of  tlic   lUia 

v><<r>  inii  Timn—  <<T  FiHictT  (nr  the  1'>r  el  RiiMr  BintiM*  aad  Mbrra.  Bt  <'.  & 
Ko^Tt-Xv.  r  UCiU  K><ni~n  Is  the  KiKi  I.Gu]an  Itoqill^  (Bltotba  Sortlnl-AU  Soaeq. 
i'ulUtb  lUitlM).     L'lOlTD  Kio.  IOj.  W. 


•Will  imratnl:^  nlnliU.  mii  iriil,  *a 
Inak  lor  nuiy  i«tn  be  ktjA  'ip  to  llw  Impp- 
itamdMBMiiltM Mtgli»l iinmi.  '^^e•|■Wn 
e(  imnpamt  It  }Mt  nrwi  (tie  a^vlm  In  nrh 
a  I<i]«ll«WU«  iboiiM  <T«  1«,  pURl;  ilpba- 
Mltoal,  tai)  iri  c  irxt  U  tirliMa  ta  >■  aM^nt 
■UIIBMllttll'>°  Kf>l.'lL-)i  a<  i-SD  ■(•  .Hpicurt  In 

ttniToa  Minivit  JornoiLi. 
'lb.  XHtlfT'* iiotk  ntli  KKaplliBtbuluni 


Pnriuiw  ■l-MBpis  Wt*  Iihii  mate  la  in  iili»» 
a  tn  *  nf  Uie  ««•  ttwNMr,  bat,  «Map«*i 
»ii''Iiii'-Iiidn.~ibfylwTaaUtwn<n)i««rt 
KicnKiuaL  Wg  iHMUly  CMwraMIMi  Mr. 
K>vil<j  ■><>  Id*  pafctiniiM.  BBd  (■  bnnto 
iiionkiilni  tai  anBlOTTtni  ■  nal  kogmaaMaikw 

•itlUlrnia    tif  1bt»  ^nd^-DWMd  Ul4  IliWlllllllj 

«icciit«t  ail  k>  Hi*  (toitj  uf  HuiiwT,' 


The  SDROEBY  of  DEFORMITIES,    a  yiM^,,>a  r-r  5i<id«ou  wmi  Prtc- 

UU(ii>i-iv  Hi  Kouli  bhitx.  rJE.'I.-,  t>iln,  L.lt.f'.P.  tuni.  SufCVSn  M  U«  All  akM*" 
ChilitiTo'iIImplULl:  uid  OrtliOHvdic  SuTKOon  loUiaeitUidi  Bob*  lor  iDOonUa.  VHb 
IH  liliiitnlioiii.    LVawa  »r«.  Ilk.  M. 


roliiu  wtiicli  tli^i  nrs  Intmdirf  tn  Ellvtnt*. 
And  ntlarUJT^  bc^ji  Iha  i««d«r.  W«  «an  r*- 
•nmnigod  tblt  <m  onx  ol  (Ih!  inmt  iratthal. 
ili«rut,  anil  ■bla  liani1l«ok>  af  OrUntardlc 
Knrffny.  It  l>  vo»  «l>iel>  will  boalikc  pnwhtr 
nn>I  tiM-rul  mn  pncdctoiMn  <u»l  alDdaau. 
mid  r*uhllidiiu  tra  Its  ■iithnr  ■  Mrh  |idiiUi>n 
lu   tb«    dB(«rtiiiBnl  i^  *ci«nc*  atvl    imotlco 


U>uiv*L  Juv  umu 


1 1  iMtfatM.' — llsmM 


'  Itb  ia  a  aiund  piKtial  roiib  Is  tliB  Inat- 
mnit  of  bsdil;  ^rfiwaum,  tand  MUomlr 
upun  imniial  «il«i»i<lai]  tat  eipantfMe  .  ■ . 
Wr  no  atriltiOf  rvconarad  Un  «nr*  aa  a 
r<iI<lEU>li«tji  pnMlUofxinoWvDI  SM  la  n 
ln«  Khai  tbrr  TMtt  ciMily  wt  M*tt  «i4 
111  otiMid.'— Luxpriir  HkBicu;  >«0»ih 


ANTISEPTIC    SURGERY :    iu    mi^iciruai,    nui-Tiw,    HiHOBT.  and 

iiB-ii-n     Iijr  w.  w<t>~><<riiim<ii,  M,H.  PB.C8L.  Aabum  CETfeni  w  KlM^  (Mkvi 

HiaflUI.  "I'll  lisniaiMtntor  of  Kar^cal  ■■Mhoh^j  la  XUV*  Oolloia.     Vllk  W  Plawa 

tLulU.     tiTS.  III. 


'Id  tTiB  Toluiec  txlmn  <u  llr.  Oiittw  ba* 
tna1car«7«al«ali'»«Utt1i>nla>Qriric«llll«»- 
tDtVi.  Tha  IniliDM*  in-afHalnnikl  nlallma  nt 
Mr.  Chagrn*  wnh  IVifr^nr  I.iitvt  ^*r  ■  (pn^a) 
Imt/onutat  and  valiw  to  ihii  iMTk :  for  wLlI* 


Mr.LIrtar')  mult-  and  rim  tian  UlktfW 
twin  (iablutts«  on);  Inf  iD«MrU;  !■  Ji  m  i  aali 
and  IFaaMPtloiB  <>(  IbuubI  Hfktti*,  Mr. 
Ch'jiia't  boiA  afforAi  •  tminrilij  aa4  c>^ 
pliiU  tislriuDl  nf  thim.'— LAxrar, 


DISEASES  of  the   BONES :  iIi>-It  p.tTiK>LooT.  Duenone.  i>nd  ToMAt- 

■■-■    ':'■■■■■■■''■•■.  r.&.C».  Gnr.  B.&  Land.,  Surywa  to Uro >Iuh«m*(«t  lUg^al 

.  tu«j  t-nrerj  iu  Wb  Own*  Oollrcs.  vieiona  Viiln»ti}  ; 

'  i.iMn-n'ii  tln>|iiul, lludleliiiry.  WuwbHMC,    Vnh  I  CXnoa- 

iiilio.iui'i.i^'  t  iLitia,  J  U.'.iiii.-i.  ■nil  I*  WooJaiti.    ttn.  iir.  <H. 

A  UAHUAL  of  DENTAL  SURGERY  and  PATHOLOOT.    Hr  Abnuu 

tv.|.iviv.  L.R.cr..  F.K.C.&  Liiiii,.  J..r>.f..^i,;  Miiivr  Uriitti  bcrflSDIi  and  ItfeVONB OS 
IJi^iiIaI  ^DTipn  lo  su  llBrLlhoV^i»i-«''*iiiit)lti?I><i>tkl  Fii*|>Uit]ul  Lvadwi;  Uiaii1>«raf  0M|il 

BsslM,rc(<li*al  IlriuJn.  Vltt  MB Illuitniiaiu.  Tniirn  H*&  I tl.  M. 
*1t  la  *lwt,j'  t^ttitnctory  ij>  omw  morrwaK  i  j*ct«  on  n-h^vh  be  laaa  latiuJaUji  waftad.  Ma 
DiAitual  vrltfvii  bj  an  aiiiftoF  (ruintuirTily  '  rn'mmlAalblmpartaAoaothart  t<»iirbla4  l*hM 
■ajiMliilil  ulib  Ijlt  lubfecl.  and  witli  ■  )D<t  alT^u  loK  altmllBn.  Th*  nwiaal  la  «*U 
■aiLM  ot  |ir«p>nlnn.  oil  dtainHrl  In  matinlly  lialutMal.clear.ilnplft  v>dauMt.aadiaaa<s- 
<MalU  bcotuat  Ihay  liapiiaa  to  Itioluila  autk      RFlluDtBb>dnil~ato«t.' 

tMtoNii  UmiCAi.  liBcoan 

MANUAL  Of  tbe  ANTISEPTIC  TBEATNEHTof  WOUNDS.  rorSiu.l^ni.. 

lul  I'nctiil»n-7*.  tl;r  V-.  ViiTmn  i.'iiiii'a,  lllL.  r.lU.'.&,  Awlahrt-afw  li>  K(Difa 
0<ai«m  llo-piul :  HtiifcDn  to  lli*  I^>ddm((oD  (Inn  Cli(Mf«n'a  ilaaplHl,  *b  wlUi 
UloatnUotift,    C'nnta  Mrs.  4i.  14. 

A  SYSTEM  of  SOROERY:  rniliolofticn],  Din^nortic.  Tbetmenilc.  mc.l 
'ipintiio.  li]  hiKi'ii.  It-  (.iioni,  ii.ii..  LL.U,.  D.CU.  Osm.  bsk  WMian.  arr«ti) 
Rnlaiiral  alia  tliuiDUgb)}  Ucrliad.    Wnli  upvarda  ol  l.flin  lUaamiiiMa.    I  n&  sn>. 
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GENERAL  and  DIFFERENTIAL  DIAGNOSIS  of  OVARIAN  TUHOUBS. 

'llanpMtlMl  CoiHlilamUuriB.     Iij  WAfUiKuiua  L.  Atijj,  M.D.    WlUi  n  tDnMnilSBa. 


Tbe  QUESTION  of   REST  for  WOMEN   DURING  MENSTRUATION. 


limr  are.  Id. 


A  GUIDE  to  THERAPEUTICS.     Bj  I£<i«i:iit  FAiigLii*Esox.  Ml',.  U.l). 

Kdln..  I'.aiC.f.  l.uii>l,  InU  LtiiUiK  On  Hauna  HeUn  at  Bt.  Muft  UdiptUl  UbIIibI 
--«hMl,  ka.   r«arttilMIUau.    Ilisraatliti ovutd.    CM«B>ta.'*.M. 

THERAPEUTICS;    i(»  I'Btxcirujw  mirl  PnAcrtcs.     By  11.  C.  Wood,  M.D., 

l.l.lJ,,  I'mli-wx  "I  Hxi'iM  Utdli:*  and  TlmaptaUca  aad  Clliilual  Pnttaoar  at  IXmhc* 
oi  Um  \rmiuiP).iMu  Iu  Uw  UiiltMWIj  or  rmiuTlTaDla.  Uuuit  Ui> fiermtti EUUun of 
■ATBIIAII^Udi)  TliEIUI-IIUTtCit,'  Boanausd,  lt«irfnien.*ncl  BuImibL    trtt.  lU. 

OCULAR  THERAPEUTICS.    St   L.   Dh  Whcxkb,  Prof«Mor  or  CllnkaJ 

U|>iiiiialMiulu||}.  I'aii..  'InmalBtol  uul  Kdltal  trp  LiiToK  IV)KK>,  ILA.,  H.D.,  F.RO.B., 
Ui(c  LUiitKl  ,bi.l.i4>ni,  KujkJ  UiuOuu  OpIJUIBUiile  UuaplMl.    U'lM  UlvUmtMua.    lJnii]r 

A  PRACTICAL  TREATISE  on  the  DISEASES  of  the  HEART  and 

QKEAl'  V(tMIl.a,  uui1<hUii«  IIk  l>rluct|il(a  ol  UHtr  I'lijuol  t>\^gaaitt.  Bjr  VAi.-m 
H«TUi  W*uaii,]U>.  roarlta  ■•■lltsn,  (Jivraii(ti;r  Knlw4  and  «»a(b  SbImc*!.  Dhi; 
•to.  Up. 

A  PRACTICAL  TREATISE  on  DISEASES  Of  the  LUNGS,  iudndfnf 

u..'  I'liiiui^iif.  ct  i'lo>>»i  iNii^nMitkiiil  >«tii*  cm  CUDalOL    liy  U  ii.tlii  IIlvi^  Wuan, 

U,[J.      t'niillli  klLU<>il.lli'UiM.I>.lMl  >nll(ll  kl.unf*!.     Dtmj  Mid.  l«f. 

AUSCULTATION  and  PERCUSSION,  u>|,-«thvr  wUb  tbe  otbei  Method. 
ut  i'ii)iii»i  Miii>iiu4iii><uuiii.<i<.ui.->(.   U>luiiiJM,<iu,H.J>.    ITUh aiuMnikoa.    Third 

SKIN  DISEASES,  inoludini;  Uwit  Dcd^iiioni,  Sjruputma,  Dla^oalj, 
ITucoiKia.  U'lM'i  Aiiuii'Ujj,  hkI  TnMiatBi.  A  Haaaal  tat  tuodtnl*  aud  I'nntllli— ■ 
lif  UAiLUUI  )ili<U'>In.aar)(>uDiuiiwftiB  UttMnaiaftl,  M>  VilJ'i  lllllwl.  Mill  Tiaiilii 
OalMRuU'iluKjIultiaMnlkailBdiuil.    WIUi  Uliulratuiu,    CTvra  Mu.  Tl  M. 


HANDBOOK  of  MODERN  CHEMISTRY.  INORGANIC  and  ORGAHKX 

J<^  IJh*  t«U'  Alhi  vioi  I  nLHk.  M.tl-p  J  -i'^-,  i'ftjUHul  it(  i  Lkm*t.'.f>  lunk  of  VMli<»]  Jnrl^ 
l<ni<lciicc  ui^FuUkUtalUiat  ibc  Louilnn  liiapltal  i  rmo  at  ilii  OflMal  AnaljMa  M  Iha 
U«mf  l^nivr^  HrdlntUflVxr  M  Umltb  fur  lilibKioiiJ  UU  iMMalt  Xtfdl  CMnt  «l 
UbIUi  uU  1-ulilK  AioJj.t  (VI  Uit  UK;  Dt  Idiitlou  ^  llancr  Vl  SMItiTi  *«■  •«■  ririwil 
BiUUait.     IWdMil  anil  UilucM.     Lriui«vi>.  lu. 

Th«     ELEMENTS     of    PHYSIOLOGICAL     and     PATHOLOGICAL 

.-tuijntl*  «nd   VrkiMllldhcta.     Bj 'IV  i  iiA!'.r-->li3l 


cuiaiiatuv.    *M.u.iin».ki. .  m. 

I'ltlHLBi,  M.U.,  r,<  >..    ■'. 

Tliouu'.  Bu.|iliMl,  Iai  Ki .  <  -     i^qiUDBi,  Ht.  Ilwaia>^U«|ilul.*«.  *A 

M  W'codcut  llliHtnUDiwiuia  I  •.liraiiiu..iilHi|ni^     Omif  Hi«i.Ua,M. 
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SCHOOL  HYGIENE  AND  DISEASES  INCIDENTAL  TO  SCHOOL 

t.iVr..  It)  K.ii.KKr  F*ii'ji'»«a»">.  M.P.  M  H  l^ii ,  f  KX.  P.  I-(">a .  t^it 
l^.iufcr  uii  U4le(ia  Mcilici  Bl  K.  Muy't  llua^iul  Mnlk^  s.K>-.l  i^:.  I^kb 
Stu.  7i.  firf, 

NOTES  FROM  SICK  ROOMS.    Ky  Mn.  U»uk  Sitcittx.    Cron 
FIRST  AID  TO  THE  INJURED.     I  ivc  An.t>uUiic<-  L<Klom  l>r  Dr. 

^■••nai^ir  KiUAKir.  rniul»>j  (ram  the  llcrtnaii  Iqr  H.R.1I. PlwMHOaiiiiAK. 
SccvBil  F^iii«n.    Wuk  Uluiilralioiu.     Vv*  B*n  Mb 

OUTUHES  OP  HAVAL  HYGIENE.     Hy  Jwk  D.  Macikw*u% 

ML).  KKS.I(»m'i,vi;»..r^iF:  \  ,  t>mr<Hui(.f  Nj.tlllyiJHN.  /umf  ll«<nl 

THE  70UNG  DOCTOR'S  FUTURE:  t>i.  VVIui  Oidl  b«  myPncllec? 

Uy  II  Di\i.R,  M.U,  IJE'iig  auiic  Acuuinl  at  A|>|H«nUBH9t  ui  tka  MiuMilr 
M»rii)»,  CmJitihiwi  AjeH^ic",  Ih«  Amy  unl  iIk  Xawj.  W.ih  Uiau  w  ■■>  F*v- 
Law  Aiiimiiiiiieni*,  Claln,  is.,  nd  Uk  M«<h>4  of  ijwri  ihiKdn.  S*«aa4 
Erfillan.     Cruiaa  tvo.  41. 

CRERIATION  OF  THE  DEAD.    Ky  Willmu  ExMt,  C.V.    Cmn 


\^'tlh  IJImv.ill. 


'■J. 


THE  CURATIVE  EFFECTS  OF  BATHS  AND  WATERS :  bttnc 

K  Hundboeai  lelhc  Rfu  of  enrspi.  By  Dt.  ^.  Biuus.  Wilh  ■  S^Mcb  M  da 
l<alii<aUi*i»|i«iilf  anil  Climuk  1'fMiMant  vr  fuJinMsiy  Caaifirimi,  t^r  Or.  U 
RuMi/iu.  An  .U<>>lgt4  T'laniluign  frvm  1  ht  Tl»>4  UcniMD  KiUnon,  iriih  Mmk 
lly  lluMUiH  Wun.  M  IJ..  K  K.C-r.  UiiUun,  riiT>i(»ii  ""tu  tlcnua  UwimW. 

Itcinv  Atv,  iff. 

THE   DOMESTIC    HANAGEHENT    OF   CHILDREN.      Rj  P.  M. 

UkAtiiwixiD.  M.D.,  Sursmi  [•>  ihi  Wii>j|  lli>.p>iiil  Tk  ^wk  UiddRB.     ».  U. 

HOUSEHOLD    MEDICINE :    ConLaininj;  a    Fasiiluf    DctenplicM  at 

l>U£4H -,   ihvf'   ,S'tu»r«.  LVi«*>i   «rtiJ  Ny.npUiin.,  ih*  achi  tpptgrcd  Urlhd^  W  , 
Truiiueai.  Ilw  rVopcnin  bhI  Uanof  Ktoiolia,  Kc,  ■><  Kutet  (w  lln  MwiiB>- 
mam  of  ih>  SlcW  HtKiiu.     KnpnnJriidipwil  (or  Kamiljr  Um.     ttf  }•"*'  CinMIv. 
M.U,     Twelfth  E<Iit ion,    Witb  Dumtrnw  llluufslivM.     Di*-" '^-    '  =  '   (^ 
'I'v  iliii  Udliluii  ^  iiildAl  *  iil^n  Tia  (tadlng  h  ayiUBUkaKy.  <  ■»»■]>«- 

fcwwul  rGAdvt  t^nc^iulrv  a  *n[fn4  knowltdj^  of  lli<  nwdinl  .<  't  •«  «v^Fy 

*eU-<ducM(>I  IMrxin  iFi'iuld  tumm  :  wilh  an  «d«bi  at  HuMiir 'i.iiM'.  'IfilniliBlhri 
■nd  ntl  llw  Sgnlcnuof  MedkiiK  eitani.  Baih>.  S|»k  M1ih»1  Wmsix,  «<.  ftc.  I 

LEGAL  MEDICINE.  P»rt  I.,  with  IlliiMrttion*.  rojal  Svo.  aji. 
!■*'!  ir,.  Fvjiil  .iva,  jw.  By  Ihc  laltCHANLU  SIhtwuit  tiirt,  M.V.,  T-Ci, 
MiiKrof  Suri;ci).  I'latcuur  of  ChiinlMi?  (Od  of  Fcnniir  Mojicioiat  lli«  liadfl* 
llMip.E4l.  ()Iliii.il  Aiulyii  tu  lb*  Hani*  Office.  Mtdictl  UOu*  «t  HtallH  !<■ 
Iiliniimi.  Iiic  Dcpiiiy  Medical  Uttctr  of  H«alih  and  PiibUc  AMtnn  te  ik> 
City  u!  I^ndun.  *c. 

A  JUNIOR  COURSE  OF  PRACTICAL  ZOOLOGY.    By  A.  UiLKts  i 

M*»iHiii.  M  U,,  U.S...  M..V.  KK.S.  IVirftwoi  In  ih«  VkiotU  ITiihw' 
■ir ;  S*7v  PnfaBirt  u(  ZoctoKr  'n  ('•wb  C<>11<c<  :  law  Fellow  (J  Si.  >iiln'> 
Cali<c*> {^nbridp!.  Aatuicd by  11  H(.»aaT  Hi'Ht.rh,l>.,  LHisnt  inihvVJiWvU 
Uni>«njly,  DanMulmnf  and  Auiiuni  I-tctutu  in  Zo-Aagf,  0*(iu  CaJtic*i  Mib- 
tlMN«i.  TbinlEJlllan,m»c>l.   Wliliaililuioul  IllwlnUv^  t'rwulTV.  m.W. 


Loudon  !  SMITIt.   ELDER.  &  CO.,  ij  Wjtotoo  Fbev. 


jl«ork«birMuuivlacllspoiUAblcuieverxwoll-TUrnlsliedllbr«nr.*-TtwTlHH. 


PriM  ISs.  nat  par  vilura*.  In  El«th;  or  In  half-nMrosca,  inu*bl*d 
e^Ess.  -Ob-  not. 
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Vtium*  f.  mu  futliiheJ  #n  Janmarj  I,  iSS$,  »Hd  a  vthimt  Mai  itcH  iutiai 
evtry  lltnM  m«ifii*  limt  that  dau. 

AfHrlktr  Vtltimt  k/UI ht  fu^SlihiJ oa J»ituaiy  I,  Afril  \,Jnly\,  inJ 
0<t*Ur  I  ofiuihymr  UHlUlhtianffrfitrnt/tit  utrk. 


EXTRA0T8  FROM  A  FEW  PRESS  NOTICES  OF  THE  WORK. 


rnntim  for  Ml  SiriJlieni  wa^^uw  o/»i— 

TMI  MJtCHI  «  "«'t  •■'■    'IIIH  tiEHrHA-tlON  — 

"Tha  tKclionMT  ol  Nalkxai  Uiofftv^ir-" 
A  dintoni  IT  of  tn*  kind  hud  been  mtlompled 
BO  «fUB  toiof*  lijrthi  unnccu  mm  pufc- 
)l Am  »id  •diton  of  iltc  iliy  (hu  I  hudlr 
■■p«Ud  il  te  luuHd.  No  tm*  «ti>M«wI 
■uch  ■  lUCctB  M  it  hot  v>ru  achltmi.' 

of  Mr.   Sls^to'i  Dklionarr  *n   fi.u.i>r 

■  HPOHTAHT    *■!■     IBTWldTimi     AIITKUL 

Gnat  nuinsi  aniLa  i(i>  ey>  tduUnUy  H  wc 
lurnlhiMCc*.  ■  ■  -  AIiO|(Trhotha  ivlumai 
■n  sen  KUllnE.  WTisi  ii  oicite  ira]K»i*iLI. 
Ihc  utldJts.  whMher  Ihtj  »rt  on  mull  t.r 
■fiAl  pwoatfct.  jirr  ncbily  all  up  id  thv 
high  «iMid»t3  -hith  h»«  Um  mi  in  Ih* 
milk'  panloiD.  of  ihi  walk,  and  gctaiHon- 
milytAtrt  il.' 

SATL-ituv  R«Tnw.— 'From  Ihe  Mint 
vc  tan  cuMJifnUtaMinlluiiTuieiiln 
l^vi  bHn  koLkii  will)  thai  jnnian  of  tho 
l^ictlooary  vbL<h  rvlaua  lo  modtn  lioks 
■nd  ihia  lu«  b«*n  riahlly  itaqcj  for  oflca 
noihuiE  uiBOrrdilEcuUlhuiionndacundu 
ricMdof  ih>  tlliiof  ■  nun  wbo  bdnnxcd  la 
OIK  o«n  llmci  01  to  ibov  juit  urcctding 
l1«in.  CiHuLziiQiiiJT*i'""K'^.  ^^  Mtt.ir  hat 
bnncinful  ■«  !■«(•  Ihr  ■•urli  rHtonalily  up 
14  daia.' 

Ita       UAHCaMTtn       EtAMIKH       JIKU 

Tui«»,'*TI>iiinkR«lt«nlwofko(nfennn 
K«  niw  Iifl  lh«  itntili'*  oo^iiarrii  oitHnc* 
far  bihln.l,  si»t  Mr.  L.c>ll«  Siifilitn  and  hit 
tolluKwunaK  irtll  unjH  "•ill.  ,  .  ,  W« 
,  «aaDdaheulr  vcIcooh  to  ih*  Ucaa  uihsI. 
I  of  a  uihI  mwnitiunl  wmIi.  in  ahich 
1  iLa  tdiling  UMi  tb*  •rrlilng  appear  Mill 


Tui  ^Ji/AITKILV  kinas.-  'A  "Dk- 
TioMxRit  or  Hatioiul  BrecMrBT.'  or 
WHKK  TM»  couKTrr  Mav  ■■  jLtnv 
rnoi.  IS  whkh.  th«ii|th  li  way  nnd  cmttt- 
ui|  and  ■upploinnnc,  vlll  |*ob*iU|r  nrrv 
Is  lupcnciial,  aiHl  ahjch,  U  umAftttan- 
ceplicni  and  aiin,  in  tka  BUbbii  of  (ha 
nanMi  inMrnd.  in  fulncu  and  acnirvr  i4 
deuiU.  iu  thi  tan  mi  nmu^  wit)i  vbhb 
Ih*  authorilia  ate  i^«l.  and  in  the  bibfii>- 
fraphical  iitrinMiitiu  t^ittt.  *ill  not  snW  bt 
tinBka^njraUjF  Hjji«ilor  lo  jny  vork  of  th« 
kind  which  hu  b*i«  pnduccJ  in  (Inal 
Bhuin.  but  irill  >■  fat  «ir|BH  the  Cnnan 
and  Baliun  biomptilol  dictionvM  mw 
ID  nmEnu.  ai  ihew  loo  ImtauDi  iindtr- 
uklnji  u«  ill  adrams  of  the  two  fnal 
t'rHitixDllittiDiUixhKhaiitil  l*MlTnin<d 
MpraOH  in  ilw  dqiolimi  of  fii<:fn!|itiyi* 

1^1«  SrarTATDt.  -  ■  At  »£h  TohHU  «f 
lh<  Oiahmio'  ^I'fo*'^  ><*  aKrlu  twg»i 
tiMn  mupScuonn.  .  .  -  Tin  hask  aiieWl  M 
confnrnd  iixlf  id  ai  nuh  a  <>nU*f  Carcra 
aalhf  "  Kncvclopieilia  Briuanka." 

Thu  I  JKcrr.— ■  Iu  loulenli  ihaw  na 
falliac  off  in  aDdimcy  and  o>in|il««naa,  v 
br  miby  acritioJajaoiinaii^  avhatvHcn 
»bl>  lo  dJKnnr.  (rem  ihn*  of  ih*  iwwow 
volume*,  of  vbicb  *c  hate  on  all  "-"Iimi 
•wkcn  wiik  i>r»iM.    Whan  nsiflcud,  Tm 

Dlt-IKIMABT    WILL  ■■  OKU.  niOM    IVTAlIf 
AMK. 

Tm«  P*ii  Uux  GAxirT-nL~ 'At  lo  ih« 
■nnral  cxecvlion.  ««  can  4Ht|r  tiji— i  Um 
bi^  pn>I«  B-bidi  b  ha  bain  our  |Jbatln< 
dwriabMMwga  fcww  tbiiaa.  Todd 
BiwincomitMdtbMiJioaUbkMbMBlBKrud 
ia  ircU-niBh  impMiiUa.' 


WORKS  bj  tlie  late  PROFESSOR  MARSHALL,  F.R.S. 
ANATOMY     FOR     ARTISTS. 

BY  JOHN  UAR&HALU  F.R^^  F.R.C.S. 

Pnfcaor  of  Aaumiv  Ka\  ■  .   o'  tr;>:   i.      '  \\t 

UluMntUd  witb  ZSO  Orlslnal  Drawlnm  on  Woaj.   by  J.    S.   Cvmben. 
Cnsr>v«d  b>-  J.  &  C.  NMholls. 


BY    THE   SAMC   AUTHOR. 

FdIis.  pnM  Si.  iu  irraw^  .  lJ  i'  p  rl-ili  ■,  (*i<«  ^ 

A  RULE  OF  PROPORTION  FOR  THE  HUMAN  FIGURE. 

lUuiiriCHl  by  JOHN  S-  CUTHBERT. 
FOrETII  rniTtOX,    ,10.  mlkralta  .«<)■>   in 

A  DESCRIPTION  OF  THE  HUMAN   BODY  : 

ITS    STRUCTURE    AND    FUNCTIONS. 

AMtsaaJ  Ibr  Um  dmoT  Takchept  In  KehooU,  aad  of  Toun«  M«n  dMilncd 
fbFtlwll*dkMtlPreAutoo.  BDdtbrvoptHarlnrtnMtlon  K*iMP*ltr- 

TWWofcconuint  >4a  «uuM  Muof  Ten  biand  ia  daih,  latl  (^  CAlauted  lUaiia 
lH(n,«nn|Bi  in  ii  bfairiMaK  BinHerias  >!  KK-kci  b;  it,  ia  •  liar  <^'*'' 

pr<parc&  ror  tbc  HVpartmctit  ot  Science  ano  art. 
A  SERIES  OF  LIFE-SIZED  ANATOMICAL  DIAGRAMS 

SnciALtv  AUArm'  r<Ht  Sct<4^'U  '-'/  A>1  a^u  Aht  Stvtf  "t'l. 


EipLtDinvy  Cfr-  l>ria  ». 


Tff  TMctiVFs  kiid  Stud«nts  of  Anttilc  Aiuiwoir  tM>  Serto*  of  Dtavnuns 
will  be  lnvnlu«bl«.  Saipended  on  Uiewnll*  of  the  lecttira  room  or 
Hudlff,  ttioy  will  not  fUl  ic  secure,  tbrouch  tli«  rnvdlum  of  tk«  «y«. 
that  fkmllior  ■cquBiutancc  wilh  the  prtcctpal  i>»tnM  In  Uioosmous 
and  iBUscuior  irilini]  m  Imtltpenuibic  to  the  Arl  SludonW 

PHYSIOLOGICAL  DIAGRAMS. 

An  UTTWKLv  Naw  EotnoH,  KtmHiiMui  «•*  RntsD  Mr  rm  AtfnMb 

Kln«a  WafiUH.  LIKMbik  «>di  Ml  papn  tit  &;>  tit  tl«.ciihMU«d  t^fuc-tMIt  «f  the 

lM(<Mk.    ■u,«£«KbtlmiiM)clKnil  l-rari.  airaMByy(»low«A.B>««>vd   •• 

^^firaftj  widt  rdltr*,  and  vamklknt,  pr^^  .£  r   ii   cacK   ICtyliuMJif  Kgy>|fMt*. 

In  lh«  Dew  EdlUon  tuA  tub]«Rt  h«<  baan  ro-drawn  on  tlie  Utie.  and. 
under  the  ttipapvlilon  of  th«  Autlt«r.  Important  uddlUooK  luivo  beon 
RUide  (o  Iho  terles,  to  n*  10  nndop  It  lu  eompl«U  as  poulUa  utd 
eanilttani  with  ppe««nt  ttnla  ofScMaea. 


